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Steel    Spring    Co.,    precision-rolled 

II  SS    Ca 

RII.LOY  Spring    Rounds   are  coiled 

without  c< 

nterless  grinding.  Carilloy  Rounds 

have  mini 

munj  decarhurization.  and  they  cost 

less  to  ust 

IN  the  early  days  of  the  develop- 
ment of  coil  springs  for  front  sus- 
pensions of  automobUes,  the  only 
steel  that  was  available  was  an  ordi- 
nary hot-rolled  bar  from  which  as 
much  as  .035"  of  metal  per  side  had 
to  be  removed  by  grinding  to  insure 
freedom  from  liarmful  seams,  pits, 
and  decarburization.  This  cost 
money,  was  wasteful  and  time  con- 
suming. 

We  at  United  States  Steel  felt 
there  was  a  better  way  of  doing  this, 
so  we  put  our  best  engineers  on  the 
problem. 

Using  a  mill  especially  equipped 
for  the  purpose,  they  devised  an  in- 
genious method  of  producing  hot- 
rolled  bars  to  eliminate  harmful  de- 
fects and  most  of  the  grinding  ex- 
pense. Rolled  by  this  method  to  half 
the  standard  tolerances,  with  half 
or  less  the  amount  of  decarburiza- 
tion, these  Carilloy  Precision 
Rolled  Coil  Spring  Rounds  can  be 


used  "as  furnished"  or  with  only  a 
small  amount  of  centerless  grinding. 

This  exclusive  development  has 
paid  off  in  two  ways.  It  has  paid  off 
for  the  automobile  manufacturer  in 
that  his  costs  are  reduced  and  spring 
performance  is  of  the  highest  order. 
And  it  has  paid  off  for  us  because 
these  Carilloy  Precision  Rolled 
CoU  Spring  Rounds  are  now  used  in 
over  half  of  the  coil  springs  in  new 
automobiles. 

Here's  just  one  more  example 
of  the  better  steel  products  being 
developed  by  United  States  Steel's 
vast  research  program.  To  keep  pace 
with  the  ever-increasing  demand  for 
special  steel.  United  States  Steel  is 
always  looking  for  young  men  with 
exceptional  ability  and  training  in 
metallurgy,  engineering  and  related 
fields.  For  more  information,  write 
United  States  Steel  Corporation, 
Room  2816-C,  525  WUliam  Penn 
Place,  Pittsburgh  30,  Pennsylvania. 


Rounds  with  extreme  accuracy.  Tolerances  are 
half  of  standard:  .004*  on  the  diameter,  in- 
stead of  the  usual  .008',  and  only  .006'  out 
of  round,  compared  to  .012'  on  ordinary  rolled 
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This  month's  cover  depicts  the  broad  opportunities  and 
varied  careers  awaiting  the  new  freshman  in  engineering.  The 
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A  view  of  the  main  entrance  of  the  Illini  Union.  The  Illini 
Union  is  the  center  of  all  campus  activities  at  the  University  of 
Illinois.  The  Union  provides  lounges,  meeting  rooms,  and  recrea- 
tional facilities  for  the  student  along  with  a  cafeteria,  dining 
room,  and  ballroom. 
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Hear  This.  Freshmen! 


by  Maurice  Garnholz,  Aero.  E.,  '56 


t)n  behalf  of  the  staff  of  the  I//inois 
J'lchnograph,  I  wish  to  welcome  you, 
freshmen  engineers,  to  the  University 
of  Illinois.  You  have  probably  been  told 
b\  this  time  that  this  school  is  too  big 
and  too  hard,  along  with  many  other 
things.  True,   it   is  a   very   large   univer- 
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sity,  one  of  the  largest  in  the  United 
States  in  fact,  but  most  lllini  would,  if 
asked,  prefer  it  to  a  smaller  school. 
Their  reasons  will  probabh  be  varied — 
more  opportunities,  alwa\s  meeting 
someone  new,  many  different  friends — 
but  they  will  be  firm  and  good.  We 
hope  that  vou  will  come  to  like  it  as 
well. 

Ihe  first  few  weeks  here  can  be  ex- 
pected to  be  somewhat  difficult  and 
confused.  In  an  effort  to  be  of  some 
aid,  I  would  like  to  offer  some  guid- 
ance and  information  which  may  prove 
of  help  throughout  your  whole  first 
\ear  here  at   the   University  of   Illinois. 

The  primary  purpose  for  coming  to 
college  is,  conceivably,  to  obtain  an  edu 
cation.  Here  at  the  U.  of  I.,  in  order 
to  remain  and  continue  to  acquire  this 
education,  one's  grades  must  be  suffi- 
ciently high.  In  all  schools,  including 
the  College  of  Engineering,  a  3.0  (C) 
a\crage  or  better  must  be  inaintaine  1 
to  avoid  going  on  probation.  Many  col- 
leges here  require  a  higher  average. 
There  are  five  letter  grades  used  in 
rile  University,  and  each  is  assigned  a 
value.  The  grades  and  their  \alues  are: 
A—>;  B— 4;  C— 3;  D— 2  ;  E— 1. 

To  encourage  good  scholarship  among 
freshmen,  and  to  give  them  recognition, 
two  national  scholastic  honorary  frater- 
nities have  been  founded  at  Illinois.  Phi 
Eta  Sigma  is  the  one  for  freshman  men, 
and  Alpha  Lambda  Delta  is  the  one  for 
freshman  women.  Both  organizations  re- 
quire   a    4.T     average.     Membership    in 


either  of  these  organizations  is  a  dis- 
tinct honor  and  one  well  worth  work- 
ing for. 

Phi  Eta  Sigma  was  founded  at  this 
L  ni\ersity  in  1923.  It  holds  a  smoker 
in  December  for  those  whose  grades 
meet  the  entrance  requirement.  Initia- 
tion is  held  in  March.  P.  E.  and  mili- 
tary grade  do  count  in  the  average. 

Many  branches  of  engineering  have 
their  own  honorary  fraternities.  Two  of 
these  include  all  engineers.  These  fra- 
ternities are  the  following: 

1.  Tau   Beta  Pi — all  engineering 

2.  Sigma  Tau — all  engineering 

3.  Sigma  (jamma  Tau — aeronautical 
engineering 

4.  Keramo.s — ceramic   engineering 

X  Phi  Lambda  L  psilon  —  chemical 
engineering 

5.  Chi    Epsilon — civil   engineering 

7.  Eta  Kappa  N'u — electrical  engi- 
neering 

8.  Pi  Tau  Sigma — mechanical  engi- 
neering 


9.  Alpha  Sigma  Mu — Metallurgical 
engineering 

10.  Mu  San — sanitary  engineering 

11.  Sigma  Xi — scientific  research 
Nearly  all  of  these  have  national  af- 
filiations. They  are  organized  primarily 
to  recognize  and  promote  scholarship, 
hence  one  has  to  be  voted  into  them  and 
must  have  at  least  the  minimum  scho- 
lastic average  designated  by  the  fra- 
ternity. A  grade  average  of  4.0  or  above 
is  the  usual  requirement.  If  this  is  main- 
tained your  first  two  years,  you  are 
eligible  for  joining  in  your  junior  year. 
Membership  in  any  of  the  above  or- 
ganizations is  well  worth  the  extra  ef- 
fort of  study  put  forth  to  make  the 
eligiblity  grades. 

The  two  social  fraternities  on  cam- 
pus which  are  composed  entirely  of  en- 
gineering students  are  Triangle  and 
Sigma  Phi  Delta.  These  houses  are  lo- 
cated on  112  East  Daniel,  Champaign, 
and  1103  West  Illinois,  Urbana,  re- 
specti\ely. 

Besides  the  honorary  and  social  fra- 
ternities, there  are  numerous  student 
professional  societies  here  at  the  U.  of 
I.  Just  about  all  that  is  required  to 
enter  one  or  more  of  these  organiza- 
tions is  mereh  the  desire  to  do  so.  Ex- 
cepting some  of  the  later  ones,  prac- 
tically all  the  societies  began  as  clubs 
and  were  later  chartered  as  student 
branches  bi,  the  parent  national  socie- 
ties.   The    following   names   of    the   so- 
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cicties  are  prett\   much  sclt  t*\pIaii:itor\ 
as  to  what  t\pe  thc\  are: 

1.  American  Ceramic  Society — ACS 

2.  American  Found rvmen's  Society — 
AFS 

3.  American  Institute  of  Architects — 
AIA 

4.  American  Institute  of  Chemical 
Engineers — AIChE 

5.  American  Institute  of  Electrical 
Engineers — AIEE;  Institute  of  Radio 
Engineers — IRE 

6.  American  Institute  of  Metalluigi- 
cal  Engineers — AIME 

7.  American  Society  of  Agricultural 
Engineers — ASAE 

8.  American  Society  of  Civil  Engi- 
neers— ASCE 

9.  American  Societ\-  of  Mechanical 
Engineers — AS  ME 

10.  Illuminating  Engineers  Society — 
lES 

11.  Institute  of  Aeronautical  Sciences 
—IAS 

12.  Institute  of  Traffic  Engineers — 
ITE 

13.  Mineral  Industries  Society — MIS 

14.  Physics   Society 

15.  Society  of  Automotive  Engineers 
— SAE 

As  is  readil\-  apparent,  each  of  these 
organizations  is  related  to  a  particular 
field  of  work.  With  slight  differences, 
nearly  all  are  organized  to  promote  in- 
terest in  the  parent  group,  to  advance 
professional  spirit  and  ethics,  and  to 
provide  a  meeting  place  for  students, 
faculty,  and  eminent  practicing  engi- 
neers. At  the  meetings,  which  are  usual- 
ly monthly  or  bi-weekly,  depending  on 
the  society,  the  programs  usually  fea- 
ture students  or  prominent  speakers 
from  the  large  industries.  Most  societies 
also  sponsor  picnics,  smokers,  and  ball 
games  throughout  the  year,  (^ften  a  so- 
ciety and  the  campus  honorary  fra- 
ternity in  that  same  field  jointly  spon- 
sor a  banquet  or  picnic  near  the  close 
of  the  school  year.  Incidentally,  the 
members  of  Chi  Epsilon,  the  civil  en- 
gineering honorary  fraternity,  publish  a 
small  monthly  paper,  the  Benchmark, 
which  is  distributed  free  of  charge  in 
Civil  Engineering  Hall. 


The  Engineering  Council  is  a  very 
worthwhile  student  coordinating  organ- 
ization. It  or  a  similar  group  has  been 
in  action  here  at  the  L'.  of  I.  since 
1S')4.  In  1947  a  constitution  for  a  new 
Engineering  Council  went  into  effect, 
to  coordinate  the  activities  of  the  pro- 
fessional engineering  societies,  promote 
the  interests  of  all  engineering  students 
in  extra-curricular  activities,  and  super- 
\ise  such  functions  as  St.  I'at's  Hall  and 
the  Engineering  Open  House.  Tile 
Council  consists  of  two  representatives 
from  each  member  society  plus  the  edi- 
tor and  the  business  manager  of  the 
Illinois  Tcchnogrnph. 

The  Engineering  Open  House  is  an 
excellent  opportunity  for  a  student  to 
learn  more  about  his  particular  depart- 
ment and  to  come  to  know  individual 
members  of  the  faculty  and  students  of 
that  department  much  better.  This  pre- 
sentation of  engineering  exhibits — most 
of  them  serious  but  some  primarily 
amusing — began  nearly  fifty  years  ago. 
The  various  displays  are  designed  to 
show  visitors — both  high  school  and 
college  students  and  the  many  others 
who  are  interested — the  methods  and 
.■iccomplishments  of  each  engineering 
branch,  as  well  as  to  give  them  a  toLir 
of  the  Engineering  College's  man\ 
buildings  and  extensive  facilities.  This 
Open  House,  now  an  annual  affair,  is 
held  in  the  spring,  usually  in  March  or 
April.  Many  of  you  may  have  already 
seen  it  with  your  high  school  groups. 

St.  Pat's  Hall,  the  "engineers'  dance," 
is  one  of  the  University's  big  dances  each 
year.  Sponsored  by  the  Engineering 
Council,  it  occurs  each  spring  near  the 
time   of   the   Engineering   Open    House. 


The  tradition  of  celebrating  St.  Pat- 
rick's Day  with  a  dance  originated  at 
the  Umversity  of  Missouri  about  1922. 
Working  on  this  outstanding  social 
e\ent  offers  students  an  excellent  op- 
portunity to  gain  \ahiable  experience 
and   fun. 

Another  of  the  foremost  engineering 
student  activities  is  this,  the  Illinois 
Ttilinoi^raph.  It  has  come  a  long  way 
since  1886  when  it  began.  It  is  now  a 
monthly  magazine — eight  numbers  being 
published  each  academic  year.  It  has 
been  a  member  of  the  Engineering  Col- 
lege .Magazines  Associated  since  1923, 
and  incidentally,  the  ECMA  National 
Convention,  which  is  held  in  a  different 
member  college  of  the  33  in  the  associ- 
ation each  year,  was  this  fall  held  here 
at  the  University  of  Illinois. 

The  Tech  prints  material  prepared  by 
the  students,  graduates,  and  on  occasion 
the  faculty  of  the  College  of  Engineer- 
ing. The  Technograph  staff  is  composed 
of  engineering  students  who  are  inter- 
ested in  writing  and  editing  or  in  the 
business  procedures  of  publishing  and 
distributing  a  magazine.  These  activities 
ser\e  as  an  absorbing  hobby  to  the  stu- 
dent, and  the  student  is  able  to  gain 
\aluable  experience  by  his  participation. 
In  the  past  this  activity  has  proved  in- 
valuable in  encouraging  students  to  pre- 
pare technical  material  for  presentation 
to  societies  and  for  later  publication.  If 
any  student  is  interested  in  journalism, 
writing,  publishing,  business  administra- 
tion, advertising,  or  any  of  the  widely 
\aried  jobs  this  activity  entails,  come 
to  the  Technograph  office  in  213  Civil 
Engineering  Hall,  Urbana,  or  phone 
University  Extension  2493.  We  of  the 


"Please  sir,  not  a  Saturday  class."  This  cry  was  heard  often  as  students 
had  their  schedules  checked  and  classes  assigned.  Photo  by  lllini  Photo 
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Ttihnograph  staff  will  be  glad  to  give 
any  information  we  can  about  our  or- 
ganization. 

Besides  the  engineering  activities,  stu- 
dents enrolled  in  engineering  also  take 
part  in  the  great  variety  of  activities — 
athletic,  social,  forensic,  dramatic,  mili- 
tar>-,  musical — open  to  all  University  of 
Illinois  undergraduates.  The  services 
and  functions  of  the  Illini  Union  are 
very  diversified  and  will  very  likely  in- 
terest nearly  everyone  in  one  phase  or 
another.  For  more  details,  stop  and  ask 
at  the  information  desk  in  the  first 
floor  lobby  of  the  Illini  Union. 

During  the  latter  part  of  Freshman 
Week,  an  Activity  Night  was  held  in 
Huff  (jym.  All  the  campus  acti\itics 
had  displa\s  and  demonstrations  of  what 
they  do.  In  a  campus  group  as  large  as 
Illinois'  student  body,  there  is  bound  to 
be  some  activity  you  will  like.  The 
I-Borjk,  available  to  an\  freshman  at 
the  YMCA,  lists  many  activities  and 
tells  about  their  organization  and  the 
people  who  are  currently  working  in 
them. 

All  of  this  talk  about  the  opportuni- 
ties open  to  engineering  students  in  the 
line  of  activities  may  seem  somewhat 
needless,  for  one  of  the  foremost  ques- 
tions in  the  minds  of  many  students  is: 
"Why  take  part  in  extracurricular  ac- 
tivities? I'm  going  to  school  to  study, 
not  to  waste  time."  The  answer  to  this 
question  is  fairly  simple.  Important 
though  the  gaining  of  knowledge  and 
the  development  of  your  mental  abili- 
ties are,  they  are  not  the  sole  aim  of 
education.  Equally  important  is  the 
growth  of  a  personality  which  will  in- 
spire confidence  and  develop  friendships 
among  your  colleagues.  This  may  be  ac- 
complished in  a  very  enjoyable  way  b\' 
participating  in  student  activities. 

A  great  many  engineering  students 
feel  that  they  don't  have  enough  time 
for  e.xtracurricular  activities.  They  say 
that  they  can't  participate  in  these  ac- 
tivities and  still  do  justice  to  their 
studies.  Actually,  the  attitudes  you  de- 
\eIop  by  participating  in  the  activity 
help  you  to  study  more  effectively.  This 
in  turn  more  than  makes  up  for  the 
time  you  will  spend  upon  the  activity. 
In  addition  you  learn  a  great  deal  about 
how  people's  minds  work.  And  as  you 
proceed  forward  in  your  professional 
experience,  a  knowledge  of  human,  as 
well  as  material,  processes  becomes  es- 
sential. In  fact,  extra-curricular  activi- 
ties provide  a  laboratory  in  human  re- 
lations. 

Lastly,  an  activity  offers  you  a  means 
of  relaxing — something  that  every  col- 
lege student  needs.  Like  a  hobby  in 
later  life,  an  activity  of  some  sort  pro- 
vides a  release  from  the  strains  and 
tensions  of  the  day-to-da\    grind. 

The  University  has  placed  at  the  stu- 
dents' disposal  a  number  of  agencies  and 


departments  designed  to  help  one  solve 
the  problems  likely  to  be  encountered 
in  the  four-year  trek  through  school. 
Among  these  is  the  Student  Counseling 
Bureau.  You  will  probably  first  become 
acquainted  with  some  of  the  services  of- 
fered by  the  Student  Counseling  Bu- 
reau when  taking  the  guidance  exams 
during  Freshman  Week  or  the  sum- 
mer   pre\-ious    to    that    time.    Sometime 


If  you  were  puzzled  by  the  pro- 
cedure at  registration,  don't  feel 
bad  about  it.  Here,  Bill  Hannen, 
senior  architectural  engineer,  pon- 
ders the  problem.  (Photo  by  Illini 
Photo   Staff) 

after  taking  the  man\'  aptitude  tests, 
I.  Q.  tests,  English  exams,  mechanical 
tests,  etc.,  you  may  go  to  Room  311 
Administration  Building,  East  Wing, 
and  ask  for  an  appointment  to  find  out 
the  results  of  those  tests.  These  tests 
are  nearly  all  machine  graded  by  an 
IBM  machines,  such  as  the  one  shown  in 
the  picture  that  accompanies  this  arti- 
cle. It  is  one  of  the  first  truly  electronic 
machines  of  its  type.  The  papers  are 
graded  by  having  a  small  current  passed 
across  the  lead  pencil  marks  which  act 
as  conductors,  if  they  are  in  the  right 
place.  Think  you  can  cheat  it?  Perhaps, 
but  don't  try,  for  all  answer  sheets  are 
looked  over  beforehand  for  unusual  or 
out-of-the-ordinary  markings.  Anyway, 
use  of  tricks  in  an  effort  to  obtain  a 
better  score  will  not  indicate  your  true 
abilities,  and  the  tests  are  given  to  find 
them  and  thus  be  of  help  to  >ou. 

The  Student  Counseling  Bureau  will 
also  aid  you  in  any  problems  which  you 
may  have.  About  W^'(  of  the  freshmen 
in  the  Umxersity  make  use  of  the  Bu- 
reau services,  either  before  they  actually 


enter  the  University  or  during  their  first 
year.  These  services  are  yours  for  the 
asking.  The  Bureau  will  not  tell  you 
what  you  should  do,  but  it  can  supply 
you  with  information  about  your  abili- 
ties, interests,  and  personality  which  you 
could  not  get  in  any  other  way,  and  it 
can  help  you  use  this  information  in  ar- 
riving at  sound  conclusions  about  se- 
lecting a  course  of  study  and  a  later 
vocation.  It  makes  sense  to  utilize  sound 
scientific  techniques  and  psychological 
information  as  aids  to  greater  self-under- 
standing and  more  effective  living.  It 
makes  sense  to  seek  the  services  of  pro- 
fessionally trained  counselors  in  plan- 
ning a  career  or  in  making  important 
personal  decisions. 

As  in  the  case  with  your  doctor,  all 
information  disclosed  in  counseling  in- 
terviews is  kept  strictly  confidential.  Re- 
ports of  interviews  and  of  conclusions 
reached  are  not  availavle  to  your  in- 
structors, your  deans,  your  parents,  or 
anyone  else,  unless  you  yourself  request 
tiiat  such  reports  be  made.  For  an  ap- 
pointment, go  to  Room  311,  Administra- 
tion  Building,   East  Wing. 

Remember,  the  Student  Counseling 
Bureau  can  prove  invaluable  in  the  help 
it  can  offer  you  in  choosing  a  career,  in 
developing  more  effective  study  and 
reading  skills,  and  in  personal  and  so- 
cial adjustments. 

If  you  find  that  you  need  advice  or 
;iid  in  revising  your  engineering  cur- 
riculum later  in  the  year,  or  if  you  have 
any  other  troubles,  it  is  often  wise  to 
go  see  one  of  the  Deans  of  the  College 
of  Engineering.  They  will  be  glad  to 
help  you.  Their  offices  are  in  Civil 
Engineering  Hall ;  the  exact  rooms  are 
listed  on  various  bulletin  boards 
throughout  the  building. 

Even  if  it  isn't  now,  it  will  soon  be 
evident  that  not  more  than  a  hurried 
glimpse  of  the  opportunities  and  a  brief 
attempt  at  guidance  to  them  for  the 
freshman  engineer  can  be  given  in  the 
limited  space  available  here.  For  more 
information  ask  at  the  information 
booths  in  the  Illini  Union  or  the  Ad- 
ministration Building.  Also  the  pam- 
phlets, Facts  for  Freshman  and  Careers 
in  Engineering — available  from  Dean 
W.  L.  Everitt's  office  in  Civil  Engi- 
neering Hall — may  prove  to  be  of  great 
assistance. 

Yes,  the  University  of  Illinois  is  a 
large  place,  and  the  students  composing 
it  are  many  and  varied.  It  is  often  com- 
pared to  the  military  services  in  that  it 
can  "make  you  or  break  you.  "  It  is  en- 
tirely up  to  you.  But  only  by  associating 
with  other  students,  faculty  members, 
and  activities  can  you  develop  the  broad 
mental  outlook  and  personality  you  will 
need  for  a  successful  career  and  for  ef- 
fective citizenship.  The  opportunities 
are  here ;  it  is  up  to  you  to  take  ad- 
vantage of  them. 
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talk   <j1    tin-   collcjic   ol    niginciTiii},'. 

ICacli  branch  ot  engiiicfiiiiK  llM^  its 
li:nlc  journals,  witli  artidi-s  ot  interest 
to  a  specific  field.  The  'I'l  i  ln}iit;iiipli 
[iresents  a  cross-si'crion  ot  their  articles 
and  is  in  itself  the  trade  journal  of  the 
engineering  student  at  the  L  iiiversity  of 
Illinois  and  is  of  interest  to  all  con- 
cerned with  ejifiineerinji.  lndustr\   wants 


articles  prepareil  especiall>  tor  treshniaji. 
Freshman,  we  want  you  to  become 
better  acquainted  with  the  'rtihnu^nifh. 
The  editors  hope  that  this  policy  will 
\\ork  both  ways.  We  want  to  know  our 
leaders  better.  The  'J'echnogriipli  is  al- 
ways anxious  to  hear  from  you  and 
have  your  impressions,  suggestions,  and 
general  critii|ue,  ot  the  magazine;  there- 


The  Technograph 


PUBLISHED    ANNUALLY 


BY    THE 


Association  of  Engineering 
Societies 


With  tills  issue,  our  tirst  tor  the 
19t.v19S4  school  year,  the  staff  of 
the  Illinois  Technograph  welcomes  the 
incoming  freshmen,  for  whom  the  edi- 
tion   has    been    especially    prepared. 

The  Freshman  engineer,  even  at  the 
successful  completion  of  his  first  year, 
often  has  little  idea  of  what  is  ahead. 
His  courses,  attitude,  and  outlook  are 
all  very  general.  We  hope  the  features 
this  month  and  in  succeeding  months 
will  help  the  freshman  student  crystal- 
ize  his  outlook.  How  can  the  Tiihnrj- 
giaph  do  this?  The  answ'er  to  this  ques- 
tion is  neither  short  nor  simple. 

The  'J\(  hiiograph  has  been  a  public 
relations  contribution  of  engineering  stu- 
dents and  graduates  for  well  o\er  three- 
quarters  of  a  century.  In  continual  co- 
operation with  the  college  of  engineer- 
ing, the  Tcthnograph  has  in  the  past 
and  shall  in  the  future  make  every  at- 
tempt to  help  and  advise  the  freshman 
engineer,  anticipate  a  few  of  his  de- 
mands and  requirements,  and  occasion- 
ally offer,  if  we  ma\  be  so  bold,  a  few- 
words   of  wisdom. 

The  freshman  may  ask  "how  can  the 
I'tt  hnngrdph  help  me  in  m\'  first  \ear 
of  engineering?  Surely  the  Tcch/iugi iiph 
cannot  take  my  hour  exams  and  finals; 
it  cannot  assure  me  of  a  high  average." 
This  is  true;  however,  the  Tcchnogniph 
is  a  common  meeting  place  for  new  ideas 
and  developments,  new  personalities  and 
their  contributions,   and   general   "shop" 


OF    THE 


UNIVERSITY    OF    ILLINOIS 


VOLUME    XXII 

1906— '08 


UNIVERSITY    OF    ILLINOIS 

CHAMPAIGN  OR  URBANA 

1908 


men  who  are  up  with  the  latest  de\elop- 
ments  in  the  field,  lake  iiuentorv  ol 
\()ur  own  knowledge  on  latest  de\elop- 
ments  and  methods,  e\en  in  Noiir  chosen 
branch. 

This  issue  contains  man\'  articles  of 
interest  to  the  freshman,  such  as  Dean 
F\ereft's  letter,  Maurice  (larhol/'s  .-ir- 
ticle,  "Hear  This  Freshmen,"  and  other 


fore,  a  "letters  to  the  editor"  column 
will  appear  in  the  No\ember  issue.  Send 
in  \our  complaints  and  gripes;  we  need 
\our  suggestions  and  help  to  produce  a 
constantly  better  magazine.  We  shall 
do  our  best  to  maintain  your  confidence 
and  support. 

It    must    be    lemembereil    that    (Ireen 
Street  is  more  than  a  cam|ius  thorough- 
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tare.  This  street  separates  the  engineer- 
ing and  non-engineering  departments  of 
this  University.  The  Daily  Illini  keeps 
the  student  body  posted  on  general  cam- 
pus and  international  affairs;  the  Trrh- 
nogrnph  is  the  chief  spokesman  for  the 
engineering  student  body.  However,  the 
continued  and  loyal  support  of  the  entire 
engineering  campus  is  needed  if  the 
'rcrhii'jgr/iph  is  to  function  well  as  a 
spokesman.  Our  ad\ertising  is  national; 
our  encouragement  and  leadership  must 
be  local — through  the  college  of  en- 
gineering and  the  students  therein.  As 
a  component  we  are  no  stronger  than 
our  weakest  link. 

The  four  years  spent  in  college  will 
pass  all  too  quickly.  Many  students,  in 
later  years,  regret  the  fact  that  the\' 
did  not  accept  as  much  as  they  possibly 
could  from  their  education.  College  life 
is  more  than  attending  classes.  College 
life  is  assuming  an  objective  attitude  and 
developing  a  well  rounded  personalit\ 
that  will  wear  well  in  the  \ears  ahead. 
Read  the  Boniyard  and  the  TcihiKj- 
n-(i(ks.  Review  the  technical  articles; 
become  acquainted  with  campus  leaders 
through  Introdiidug.  Subscribe  to  the 
Tci  hnogrdph .  as  your  support  is  the 
niainsta\'   of   our   existence.   This   matra- 


FOREWORD. 


N    publishingjlifi — -Fertinograph,    the    aiteffipt>4)as 

ys   been   made   to  rise   somewhat   above   the^ 

general   college   periodical,   into   a   sphere   which 

may  contain  some  interest  for  the  graduate,  or  the 

racticing  engmeer.     We  present  in  this  issue  some  material 

ch   we   think  worthy   of  notice,   both   from   its  -Ptacttcal 

value,  and  trom  lilt!  I'ii^l  thai  it  shows  to  what  an  efficient 

point  our   facilities   for  research  have  been  raised. 

We  wish  to  urge  all  those  interested  in  the  Techno- 
graph  to  pay  due  heed  to  our  plans  for  next  year,  and,  if 
such  a  change  as  is  proposed  is  consumated,  to  give  all 
possible  assistance  to  the  project. 

Reprint  of  Foreword  from   1908  Technograph. 


zinc   is   for  u)u,   students. 

I'or  the  alumni,  we  would  like  to 
announce  that  as  of  the  November  is- 
sue, a  column  of  alumni  news  will  ap- 
pear as  a  regular  feature.  The  1908 
frontispiece  was  sent  in  with  a  subscrip- 
tion order  b\    Frank   Randall,  Jr.,  class 


(il  l')4l).  Alumni  m  the  lield  ha\c,  in 
the  past,  been  a  \aluahle  aid,  and  the 
'['('( hnograph  desires  to  extend  the 
alumni  contact  to  a  new  height  in  the 
1933-1954  season.  We  hope  a  large 
numbsr  of  Illini  Alums  will  contribute 
to  the    Ttrhiingniph  in   the   future. 


^^^^m^^m 


m 
m 


®,v 


®55 


P 


ENGINEERING    COLLEGE 
MAGAZINES    ASSOCIATED 


lOGRAEH. 


ga     lios  been  awarded. 


in  this  associations 


(5htH  QlrrttftrB  oll^at 
ILLINOIS 

FIRST^LACE 

Annual  Competition  for 

> J_„E  D I T  OR! A  LS    ( FU LL_  YEAR). 

for  the  period  September,    1952  ,  to  June,   1953    • 

SEPT.    25.    1953 


Chairman 


6S® 


5&1 


W® 

??® 

s® 

?5® 


•7® 


OCTOBER,   1953 


13 


Problem 


SOMETHING  BETTER  THAN  A  RUBBER 
SLIDE  RULE 


Solution: 


A  Subscription  to  the  New  1953-1954 

TECHNOGRAPH 

November  Issue  Will  Be  on  Sale 
NOVEMBER  14 
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What  in  the  tvorld  {[]   are  silicones? 


These  a!?tounding  chemicals  —  horn  of  sand  and  oil  —  hate  water, 

laugh  at  heat  and  cold,  and  are  doing  remarkable  things  for  vou  and  industry 

silicone  oils  and  greases  withstand  both  arctic  cold  and 
tropic  heat! 


Silicones  are  the  fabulous  offspring  of  an  unusual  chem- 
ical marriage  between  sand  and  oil.  Sand,  the  basic  material 
for  glass,  gives  silicones  some  of  the  best  features  of  glass. 
Oil.  source  of  manv  plastics,  gives  silicones  some  of  the  spe- 
cial qualities  that  have  made  plastics  so  useful  to  all  of  us. 

WIPE  ON  .  .  .  WIPE  OFF-  Silicones  are  the  secret  of  the 
new.  long-lasting  automobile  and  furniture  polishes  that 
vou  simplv  wipe  on  and  wipe  off.  Another  silicone  forms 
a  water-tight  bond  between  tough  glass  fibers  and  plastics 
that  go  into  radar  domes  for  airplanes,  boat  hulls,  even 
washing  machine  parts. 

WHEN  APPLIED  TO  MASONRY  WALLS,  silicones  are  at 
their  amazing  best.  A  one-wav  street  for  water,  thev  keep 
rainwattr  from  penetrating,  vet  let  inside  moisture  out! 

THEY  LAUGH  AT  HEAT  AND  COLD- Heat-resistant  sili- 
cone insulation  protects  electric  motors  at  high  tempera- 
tures, ^et  silicone  insulation  on  jet  plane  wiring  remains 
flexible,  even  in  the  brutal  cold  of  the  stratosphere.  And 


SILICONES  AND  THE  FUTURE -Even  the  scientists  don't 
know  all  the  answers  about  silicones.  But  thev  do  know 
there  is  an  exciting  future  ahead  for  them.  The  people  of 
Union  Carbide,  who  pioneered  in  manv  of  the  special  sili- 
cones now  used  bv  industrv.  are  helping  to  bring  that  future 
closer  to  all  of  us. 

STUDENTS  and  STUDENT  ADVISERS:  Learn  more  about  the  many 
Jielils  in  w/iicli  i  iiiun  C.arbide  offers  career  opportunities.  If  rile  for 
llie  free  illustrated  booklet  "I'roducts  and  Processes"  which  de- 
scribes the  various  activities  of  ICC  in  the  fields  of  Alloys,  Car- 
no\s,  (ii:  MtCALs,  Gases,  and  Plastics.  Ask  for  booklet  G-2. 

Union  Carbide 


AY/) 

3  0    EAST 


CARBOM    CORPORATION 

2I\U    STKEET  \\\^t,  NEW    YORK    17,N.Y. 

VCC's  Trndemnrked  Products  of  Alloys.  Carbons.  Chemicals.  G<ises.  and  Plastics  include — 

LiNDE  Silicones   •    Dvnel  Textile  Fibers    •    Bakelite,  Krene,  and  Ninviitk  Plastics   .    I'kkstom:  and  Trek  Anti-Freezes 

Prest-0-Lite  Acetylene   •    I.INDF  Oxygen   •    Electromet  Alloys  and  Metals  •   Haynes  Stellite  Alloys 

Synthetic  Organic  Chemicals  •   Eveready  Flashlights  and  Batteries  •  .National  Carbons  •  Union  Carbide  •  Pyrofax  Gas 
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the 


Auto  Auto 


edited  by  Paul  E.  LaViolette,  E.  E.,  '55 


An  exploration  of  how  electronics  can 
be  put  to  work  to  reduce  highway  dis- 
asters and  to  relieve  drivers  of  tiresome 
tasks  on  modern  superhighways  has  been 
initiated  by  Dr.  V.  K.  Zworykin, 
pioneer  television  and  electronic  scien- 
tist of  the  Radio  Corporation  of  Ameri- 
ca. 

Recent  electronic  advances,  such  as 
the  tiny,  power-thrifty  translator,  indi- 
cate that  electronic  aids  to  many  auto- 
mobile driving  problems  are  approach- 
ing the  realm  of  practical  application, 
according  to  Dr.  Zworykin  said,  certain 
electronic  devices  to  assist  drivers  in 
such  matters  as  bad  weather  steering 
and  collision  prevention  are  nearer  at 
hand. 

To  study  the  basic  problems  of  auto- 
matic driving,  Dr.  Zworykin  and  assist- 
ants at  the  David  Sarnoff  Research 
Center  of  RCA,  in  Princeton,  N.  J., 
have  equipped  a  model  five-foot  car 
with  electronic  equipment.  This  labora- 
tory car,  which  is  powered  by  a  storage 
battery,  can: 

1.  Steer  itself  along  a  prescribed 
route. 

2.  Stop  itself  when  approaching  a 
metal   obstruction. 

3.  Turn  out  of  its  original  lane  into 
a  second  lane  as  if  to  pass  another  car 
moving  at  a  slower  speed. 

In  the  laboratory  .set-up,  the  model 
car  is  guided  by  a  wire  which  repre- 
sents a  cable  that  would  be  laid  in  the 
roadbed  of  a  superhighway.  The  wire 
sets  up  a  magnetic  field  of  a  certain  fre- 
quency which  is  picked  up  by  the  two 
coils,  one  on  each  side  of  the  car.  If  one 
coil  receives  more  of  the  signal  than  the 
other  it  means  the  car  is  no  longer  cen- 
tered over  the  wire  and  electronic  equip- 
ment controlling  the  steering  wheel  im- 
mediately brings  the  car  back  "on 
course." 

To  prevent  a  collision  with  an  ob- 
struction, simple  transistor  circuits  as- 
sociated with  the  guidance  wire  send 
out  warning  signals  (of  another  fre- 
quency) whenever  an  obstruction  passes 
or  is  stalled  over  them.  These  warning 
circuits,  in  effect,  produce  a  "radio  tail" 
at  the  rear  of  any  sizeable  metal  ob- 
struction on  the  route.  When  equipment 
in  the  model  car  receives  the  warning 
signal,  the  brakes  are  automatically  ap- 
plied  and   the  car  comes  to  a  halt. 


To  stimulate  two  lanes  in  the  same 
direction.  Dr.  Zworykin  has  parallel 
guidance  wires  with  a  diagonal  wire 
connecting  them.  When  the  model  car 
senses  the  radio  tail  of  an  obstruction 
in  the  inner  lane,  its  electronic  equip- 
ment shunts  it  along  the  diagonal  into 
the  outer  lane  so  as  to  pass  the  obstruc- 
tion. 

A  system  of  warning  circuits  in  the 
roadbed  to  produce  a  "radio  tail"  when 
an  automobile  pa.sses  over  would  be 
quite  impractical  with  electron  tubes, 
Dr.  Zworykin  pointed  out.  Such  cir- 
cuits would  be  needed  approximately 
ever\  20  feet  and  the  electrical  power 
to  operate  the  tubes  would  be  enormous, 
he  said.  Hut  when  transistors  are  avail- 
able in  large  quantity  at  low  cost,  he 
said,  such  circuits  become  feasible  be- 
cause power  consimiption  would  be  re- 
duced a  million  fold  over  that  required 
by  tubes. 

In  experiments  with  the  model  car. 
Dr.  Zwor\kiM  has  been  assisted  by  L. 
E.  Flory  and  W.  S.  Pike,  RCA  re- 
search engineers. 

Discussing  the  trend  toward  modern 
highways  on  which  driving  is  becoming 
both  simple  and  tiresome.  Dr.  Zwory- 
kin said  that  "the  time  has  arrived  for 
consideration  of  automatic  driving  tech- 
niques which  may  relieve  the  driver  of 
his  routine  duties  whenever  his  car  en- 
ters an  express  highway  system. 

"Even  now,"  he  said,  "with  power 
steering,  control  devices  are  used  to 
guide  the  car  in  preference  to  direct 
steering.  Similarly,  with  power  braking, 
the  driver  supplies  a  control  signal 
rather  than  the  physical  force  required 
to  slow  or  stop  the  car.  The  automatic 
headlight  dimmer  is  another  device  to 
take  over  a  routine  function  of  the 
driver. 

"The  number  of  such  devices  may  be 
expected  to  increase  and  it  is  not  too 
early  to  examine  ultimate  objectives  of 
driving  simplification.  Long-range  ad- 
vance planning  appears  essential  in  this 
field  in  view  of  the  large  number  of 
parties  vitally  concerned.  Successful  de- 
velopment depends  on  the  cooperation  of 
governmental  authorities,  the  highway 
builder,  the  car  manufacturer  and  the 
safety  engineer  for  the  benefit  of  the  in- 
dividual driver  and  the  public  at  large. 

"The   basic   requirements  of  an   auto- 


matic driving  s\stem  harmonize  with 
trends  in  modern  highway  construc- 
tion," Dr.  Zworykin  continued.  "The 
requirements  are  that  the  roads  have  at 
least  two  lanes  in  each  direction  and 
that  crossings  and  left  turns  across  traf- 
fic be  eliminated  by  cloverleafs  and  sim- 
ilar systems.  With  these  conditions  satis- 
fied, the  stage  is  set  for  a  gradual  intro- 
duction of  measures  to  reduce  traffic 
risks  and  simplify  driving  procedures. 

"The  changes  should  necessitate 
neither  sudden  abandonment  of  estab- 
lished driving  habits  nor  wholesale  in- 
stallation of  new  equipment  on  roads 
and  vehicles.  This  means :  (  1  )  The 
driver  must  retain  the  freedom  of  choice 
of  speed,  within  prescribed  limits,  and 
of  choice  of  either  manual  or  automatic 
control.  (2)  Automatic  control  systems 
must  be  restricted,  initially  at  least,  to 
high-speed  long-distance  road  systems 
subject  to  special  regulation,  such  as 
turnpikes  and  thruways.  (3)  Vehicles 
equipped  with  automatic  driving  de- 
vices must  be  able  to  benefit  in  mixed 
traffic,  consisting  of  equipped  and  un- 
equipped vehicles. 

"It  is  clear  that  car  owners  and  pur- 
chasers will  not  bear  the  added  cost  of 
the  control  equipment  unless  it  proves 
useful  under  current  conditions,  name- 
ly with  the  vast  majority  of  cars  under 
purely  manual  control.  At  the  same  time 
it  would  be  both  politically  and  economi- 
cally impractical  to  restrict  traffic  on 
high-speed  road  systems  to  equipped 
cars. 

"As  a  first  step,  equipment  should  be 
provided  to  enable  the  driver  to  keep 
his  vehicle  centered  on  the  traffic  lane 
under  conditions  of  fog  and  poor  visi- 
bility in  general.  This  may  be  accom- 
plisheii  by  a  cable,  buried  in  the  con- 
crete, carrying  moderate-frequency  alter- 
nating currents  (of  the  order  of  100  kc) 
and  a  pair  of  magnetic  pickups  mounted 
on  the  car.  The  difference  in  the  sig- 
nals derived  from  the  two  pickups  may 
be  used  either  to  indicate  the  off-course 
position  of  the  vehicle  on  the  dashboard 
or  applied  directly  to  the  steering  me- 
chanism so  as  to  maintain  the  car  in  the 
center  of  the  lane.  Feedpoints  for  the 
cable  may  be  provided  at  intervals  along 
the  highway. 

"In  this  system  the  driver  not  only 
would  retain  complete  control  of  the 
car  speed,  but,  in  addition,  could  switch 
at  will  from  manual  to  automatic  steer- 
ing. The  automatic  setting  could  be 
linked  to  an  external  indication  on  the 
car  to  inform  road  supervisors  and  other 
drivers  of  the  fact  that  the  car  is  under 
automatic   control. 

"The  second  step  in  the  e\olution  of 
the  automatic  driving  .sy.stem,  the  pre- 
vention of  collisions,  is  a  natural  exten- 
sion of  the  guidance  equipment. 

"The  essential  feature  of  one  proposed 
collision   prevention  system  is  the  trans- 
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fer  of  energy  from  a  high-frfqiieiR\ 
power  cable  to  a  series  of  tiny  oscillat()r^ 
or  transmitters  along  the  lane.  The 
transfer  of  energ\'  is  controlled  b\  the 
p.nssage  of  a  car,  and  a  long  time  con- 
stant circuit  or  'memory'  causes  the 
transmitter  to  function  tor  a  rime  after 
the  car  has  passed.  The  oscillations  are 
transmitted  backward  along  a  high-at- 
tenuation cable  and  sensed  by  pickup 
coils  on  the  following  cars.  Thus  ever\ 
car.  whether  equipped  with  automatic 
driving  devices  or  not,  would  be  fol- 
lowed by  a  'flying  tail'  of  warning  sig- 
nals. Their  amplitude  would  increase  as 
the  car  slowed  down,  and  become  a 
maximum  for  a  stalieii  car.  Conversel\', 
the  sensing  s\stem  of  the  following  cars 
woulii  be  coupled  with  the  car  speed  indi- 
cation in  such  fashion  that  the  warning 
signal  would  increase  with  their  speed. 
"In  a  completely  automatic  system 
this  warning  'tail'  could  be  used  to 
switch  a  car  from  one  lane  to  another 
at  specified  cross-over  points.  In  this 
case,  the  sequence  of  events  as  a  car 
approaches  another  vehicle  which  is 
either  stalled  or  moving  at  a  lower 
speed  is:  As  the  signal  picked  up  from 
the  'flying  tail'  of  the  preceding  vehicle 
reaches  a  certain  level,  the  guidance  set- 
ting would  be  shifted  to  the  left  lane. 
Then,  the  car  would  pass  over  to  the 
left  lane  at  the  next  cross-over  point  and 


pass  the  slower  vehicle  unless: 

a.  The  turn-off  is  blocked  by  signals 
from  a  nearby  \ehicle  which  is  already 
in  the  left  lane,  or 

b.  The  slower  vehicle  impedes  fur- 
ther progress  even  before  the  tuiii-utf 
point  is  reached. 

"In  the  second  instance  the  signal 
from  the  'thing  tail'  would  continue  to 
increase  in  intensity.  Its  indication  to  the 
driver  may  be  either  auditory  or  visual 
— in  the  form  of  a  sound  of  rising  am- 
plitude or  a  flashing  light  of  increasing 
frequenc\,  warning  him  to  decelerate  or 
apply  the  brakes.  As  an  alternative,  the 
signal,  from  a  certain  level  on,  may  re- 
duce the  fuel  intake  and,  at  a  still  higher 
le\el,  actuate  the  power  brakes.  Again, 
by  a  threc-wa\  switch,  the  driver  could 
be  given  the  choice  of  unassisted  man- 
ual control,  manual  control  assisted  by 
instruments  indicating  his  position  and 
the  proximity  of  other  vehicles,  and  of 
completely  automatic  guidance  and  col- 
lision prevention. 

"Full  automatization  ot  the  driving 
process  can  be  envisaged  as  the  final 
stage  of  the  development.  In  addition  to 
the  installation  of  guidance  and  colli- 
sion prevention  equipment  on  the  roads 
and  in  the  vehicles,  this  would  involve 
automatic  inspection  of  the  vehicle 
equipment  and  a  continuous  recording 
of  traffic  conditions  at  the  gate  stations. 


Indications  of  the  position  and  velocities 
of  the  vehicles  along  the  road  section 
between  successive  stations  would  aid 
supervising  personnel  in  the  problem  of 
traffic  distribution.  In  addition,  it 
would  gi\e  immediate  notification  ot 
breakdowns  requiring  emergency  ac- 
tion. 

"Freight  transport  along  the  high- 
\\a\s  presents  one  of  the  most  challeng- 
ing applications  of  full  automatization. 
The  establishment  of  a  network  of  truck 
routes,  separate  from  a  highway  system 
designed  for  passenger  vehicles  only, 
has  been  discussed  repeatedly. 

"With  full  automatization,  it  offers 
the  possibility  of  driverless  freight  trans- 
port over  long  distances,  with  route  ter- 
minals taking  the  form  of  marshalling 
yards.  Here,  small  dispatching  crews 
would  send  out  the  loaded  trucks  to 
their  distant  destinations  and  assign  in- 
coming vehicles  to  drivers  for  local  de- 
livery of  the  consignment.  Assuming  a 
cruising  speed  of  30  miles  per  hour,  a 
separation  between  vehicles  of  UK)  feet, 
and  an  average  truck  load  of  5  tons,  a 
one-lane  route  could  handle  nearly  200,- 
000  tons  a  day.  This  large  shipping  ca- 
pacity provided  with  minimum  man- 
power requirements  would  do  much  to 
alleviate  present  bottlenecks  in  the  de- 
livery of  consumers'  goods  and  industrial 
raw  materials." 
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Cutters  thot  give 

Wore  Clean  Cuts  Per  Dollar 

,.   carefully   d-S'"'''  .^^  „^re  smooth,  clean  cuts 
real  cutter  cost   .  .  •  »'       ,         ,p|eclion  of  tvpcs  and 

for  illustrated  Catalog.  i,  R.  |.,  L.S.A- 

Brown  &  Sharpe  Mtg-  Co.,  frov.  i^^^^ 

Brown  &  Sharpe 


Famous 


Pittsburgh  firmpU    iit£^^Mit 


35  years,  and  finds  it  very  dependable 

The  D.  L,  Clark  Company,  manufacfurers  of  the  world  famous  Clark 
Bar,  and  Clark  Brothers  Chewing  Gum  Company,  now  operate  eight 
large  Frick  refrigerating  machines  in  their  Pittsburgh  Plants.  The  first 
of  these  compressors,  installed  in  1918,  is  still  in  service.  Other  Frick 
equipment   includes  condensers,  coolers  and  controls. 

Today,  Clark  Bars  and  Clark's  Teaberry  Gum  are  famous  the  world 
over.  Frick  air  conditioning  and  cold  storage  systems  play  a  vital  part 

maintaining  the  quality  of  all  Clark  products. 

There's  hardly  a  business  that  can- 
not profit  from  the  use  of  similar 
Frick  cooling  equipment. 

•A-     Graduate     Trai 

Hffrigfratian    ami    Air 

operated      over      30 

a  groiiing 
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GREETINGS, 
FRESHMEN 

From  Dean  W.  L.  Everitt 


This  is  the  fifth  \ear  during  which  1  h;i\e,  through  the 
J'tchnograpli.  greeted  our  new  engineering  students.  One 
ot  my  friends  asked  me  a  few  days  ago,  "Don't  you  find  it 
a  chore?"  M\-  answer  was,  "Anything  but.  I  like  to  do  it, 
and  m\'  onl\'  worr\  is  whether  what  I  sa\-  will  be  of  some 
rcil   use." 

There  are  man\  reasons  wh\  1  like  to  write  this  page 
each  year. 

For  one  thing,  all  of  us  who  teach  in  engineering  colleges 
are  happy  when  able  young  men  and  women  enter  on  an 
engineering  career.  We  know,  as  probably  you  know,  how 
greatly  the  United  States  and  the  whole  free  world  need 
technically  educated  people.  There  aren't  enough  of  you. 
There  won't  be  enough  for  as  far  in  the  future  as  we  can 
foresee.  This  fact  puts  a  hea\  y  responsibilit>  on  us,  on  you, 
and  on  industry. 

Our  responsibility  as  teachers  and  administrators  is  to 
gi\e  \ou  the  very  best  education  we  can.  And  not  mereh- 
what  is  the  best  education  in  1934  or  even  1958.  We  ha\c 
to  try  to  look  forward  and  see  what  the  engineer  should 
know  and  be  able  to  do  ten  or  even  twenty  years  from  now. 
For  example,  how  much  greater  a  role  will  such  sciences 
as  electronics,  physiology,  and  psychology  play  in  the  work 
of  one  or  another  large  cla.ss  of  engineers  in  the  1960's  or 
l'17()'s?  How  much  of  the  rapidly  growing  knowledge  of  the 
art  and  science  of  communication  should  \ou  men  and 
women  learn?  Will  \our  civic  obligations  be  even  greater 
than  those  which  engineers  have  carried  in  the  past?  Can 
and  should  we  stimulate  you  to  a  greater  personal  enjoy- 
ment of  literature,  music,  and  the  other  arts? 

You  can  already  see  what  some  of  your  own  responsi- 
bilities are.  The  successful  engineer  has  always  been  a  cre- 
ative planner  and  doer.  But  sometimes  he  has  taken  longer 
than  was  necessar\'  to  see  the  value  of  creativeness  and  to 
think  and  act  creatively.  If  your  college  years  are  to  start 
\ou  on  the  road  toward  creativeness,  you  will  have  to  co- 
operate with  your  teachers  in  the  exercise  of  your  initiative, 
your  abilit\  to  see  and  formulate  problems,  your  judgment 
in  meeting  them.  In  fact,  \ou  will  have  to  carry  the  greater 
part  of  the  load.  For  it  is  a  truism  that  teaching,  properK 
understood,  means  pro\iding  the  facilities  and  the  stimuli 
for  learning.  It  is  not  too  much  of  an  exaggeration  to  say 
that  there  are  no  teachers;  there  are  only  learners. 

What  of  industr\'s  responsibilities?  Well,  the\-  cer- 
tainly include  making  a  fuller  use  of  the  engineer  than 
many  companies  ha\e  done  until  recently.  Too  many  firms 
ha\e   used   engineers   in   technicians'   jobs.   Too   many   firms 


DEAN  EVERITT 


have  failed  to  see  that  one  big  characteristic  of  the  engineer 
— perhaps  his  distinguishing  characteristic — is  his  ability  to 
design  and  plan.  A  change  is  already  taking  place.  It  is  a 
change  which,  we  hope,  will  mean  that  the  numerical  short- 
age of  engineers  can  be  partly  made  up  for  by  a  wiser  use 
of  those  whom  we  have. 

I  know  that  you  will  not  misinterpret  this  situation  nor 
ti\'  to  turn  it  to  selfish  advantage.  The  question  is  not 
how  much  money  you  make  on  \our  first  job — thoLigh  we 
hope  you  make  a  lot.  The  question  is  not  of  the  title  that 
gets  put  on  your  office  door.  The  question  is  one  of  your 
being  given  an  opportunity  to  apply  your  truly  professional 
abilities  for  the  good  not  primarily  of  yourself  or  even  of 
industry,  but  of  society  as  a  whole. 

1  have  talked  of  "heavy"  responsibilities.  But  this 
doesn't  mean  that  the  process  of  assuming  them  and  earn- 
ing them  must  be  heavy  in  the  sense  of  sober  and  humor- 
less. Engineering  can  be  fun.  In  fact,  it  is  fun  for  all  suc- 
cessful engineers.  They  couldn't  do  without  the  challenges. 
They  couldn't  even  do  without  the  headaches.  These  stimu- 
late them,  keep  them  toned  up,  are  among  their  sources  of 
constant  enjoyment. 

I  will  go  one  step  further.  Engineering  education  can 
be  fun.  I  hope  you  will  enjoy  the  classroom,  the  lab,  the  in- 
spection trip,  your  conferences,  your  bull  sessions,  and  the 
host  of  extra-curricular  activities  that  a  large  University 
and  its  College  of  Engineering  provide.  I  hope  you  will 
take  part  in  the  affairs  of  the  professional  societies,  in  the  En- 
gineering Open  House,  in  publications,  or  in  dramatics  or 
music.  Not  to  forget  athletics.  I  hope  you  will  continue  your 
affiliations  with  the  church  of  your  choice.  I  hope  you  will 
continue  to  read  widely,  or  if  you  have  not  yet  formed  that 
iiabit,  that  you  will  begin  to  form  it. 

Don't  look  on  these  acti\ities  as  duties.  Look  on  them 
as  opportunities.  Above  all,  look  on  them  as  fun.  A  famous 
English  writer  once  said  of  his  countrymen,  "They  take 
their  pleasures  sadly."  The  less  sadness  we  have  around  the 
College  of  Engineering,  the  better  engineers  we  shall  pro- 
duce and — what  is  really  important,  since  we  are  only 
agents — the  better  engineers  and  citizens  you  yourselves 
will  be. 
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Austin  Bush,  Rensselaer,  '50, 

Helps  Develop  New  Pump 


Reports  interesting  project  engineering  assignments  at  Wortliington 


"Despite  its  size  as  the  leading  manufacturer  in  its 
field,"  says  Austin  Bush,  "I  have  found  Worthington  pays 
considerable  attention  to  the  interests  of  the  individual. 
The  company's  excellent  training  program  consists  of 
several  months  of  working  with  the  various  types  of 
equipment  manufactured,  augmented  by  technical  lec- 
tures, and  talks  on  the  organization  of  the  corporation. 

"Following  this  training,  1  was  given  an  opportunity  to 
choose  the  department  in  which  I  wanted  to  work — 
engineering,  sales,  or  manufacturing.   My  choice  was 


FOR  ADDITIONAL  INFORMATION,  see  your  College  Place- 
ment Bureau  or  write  to  the  Personnel  and  Training  De- 
partment, Worthington  Corporation,  Harrison,  New  Jersey. 


the  engineering  department  where  I  have  already  been 
assigned  to  several  interesting  projects. 

"In  addition  to  the  training  program,  the  members  of 
our  engineering  department  hold  monthly  seminars  at 
which  engineering  topics  of  general  interest  are  discussed. 

"Opportunities  for  advancement  are  good,  and  pleasant 
associates  make  Worthington  a  fine  place  to  work." 

When  you're  thinking  of  a  good  job,  think  liigli — think 

U'onhini;!!)!!. 
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What  s  Happening  at  CRUCIBLE 


iibuiit  Alnivu  I'trnmiwnt  Manners 


You  will  find  Cruciljle  Aliiico  Permanent  Maj?nets  in 
products  ranging  all  the  way  from  cuiT  links  to  mag- 
natrons.  Here  are  just  a  few  unusual  applications  in 
which  these  magnets  were  used  to  simplify  or  improve 
a  product. 

This  is  Jl'arren,  age  4,  a  cerebral  palsied  youngster,  using  magnetic 
toys  in  therapy-play. 


/VlcJ^IIPfir  i  UyS  Cerebral  palsied  youngsters  at  the 
Children's  Reh^ihilitation  Institute,  Cockeysville,  Mary- 
land, are  unable  to  play  with  normal  toys.  Their  lack  of 
muscular  coordination  and  control,  causes  ordinary  blocks 
or  toys  to  slip  through  their  grasj)  and  fall  to  the  floor. 
Crucible  helped  overcome  this  problem  by  imbedding 
small  permanent  magnets  in  the  toys.  By  using  these 
magnet-equipped  toys  on  metal  toi)ped  tables,  the  children 
are  able  to  control  them  much  more  easily. 


The  Children's  Rehabilitation  Institute  has  pioneered 
techniques  to  help  these  handicapped  children  gain 
maximum  muscular  control  and  coordination.  Expe- 
rience at  the  Institute  has  shown  that  the  use  of  mag- 
netized toys  helps  develop  coordination  in  hand  and 
arm  use,  and  in  grasping  and  releasing. 

LidiT   Ll/lJiS   One  manufacturer  of  cuff  links  had 

/|j7|"\  a  happy  idea.  He  replaced  the  stem  with 

a  magnet  assembly  designed  by  Crucible 

magnet    engineers.    The    tiny,    powerful 

(•l^B        aspirin-sized  magnets  used,  gave  the  fin- 

(jP^-w^  ished  product  a  holding  force  at  the  pole 

plate  as  high  as  80  ounces  troy. 


Enlargiil  , 


eu   o/  , 


ruff  link. 


Te/p.sm[)pr-Mer«rrfpr  in  one  application, 

for  this  instrument  that  transmits 
written  messages  over  wire,  two 
permanent  magnets  were  being 
used  to  match  the  electromagnetic 
fields.  Assembly  time  and  unit 
costs  were  high.  Crucible  magnet 
specialists  designed  one  perma- 
nent Alnico  magnet  to  replace  the 
two.  Magnet  costs  were  cut  50% 
. .  .  and  efficiency  of  the  unit  was 
increased. 


En^ini^vrinfi,  Servirp  i4vcii/cib/e 

Perhaps  your  magnet  problems  are  entirely  different 
from  these.  Whatever  they  may  be,  our  staff  of  mag- 
net and  electronic  engineers  will  be  glad  to  tackle 
them,  and  to  work  with  you  in  meeting  your  magnet 
requirements.  Don't  hesitate  to  call  us  when  you  have 
an  application  for  ])ermanent  magnets. 
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CRUCIBLE 


Do  ^ea/i^  Chd.  Q/i>>(je^  s^e£»uu^^fra 


first  name  in  special  purpose  steels 


CRUCIBLE  STEEL  COMPANY  OF  AMERICA,  GENERAL  SALES  OFFICES,  OLIVER  BUILDING,  PITTSBURGH,  PA. 

Midland  Works,  Midland,  Pa.         .         Spaulding  Works.  Harrison,  N.  J.         •         Park  Works,  Pittsburgh.  Pa.  •  Spring  Works,  Pittsburgh,  Pa. 

National  Drawn  Works,  East  Liverpool,  Ohio        •       Sanderson  Halcomb  Works,  Syracuse,  N.  Y.        •       Trent  Tube  Company,  East  Troy,  Wisconsin 
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OHM'S 
LAW 


edited   by  Roger   Funk, 
E.  E.,  '56 


Inspector  Sherlock  Ohms  of  Stand- 
ard International  Yard  was  driving 
across  the  Wheatstone  Hridge  in  his  '09 
Maxwell,  trying  to  remember  Ava  Ga- 
el ro's  number,  so  he  could  call  her  and 
date  her  for  the  Policeman's  Ball,  when 
suddenly  he  blew  a  tire. 

"Oh  Nernst!"  said  Sherlock,  "I  don't 
have  a  tire  ion  with  me,  but  luckily, 
ammonia  short  distance  from  the  Ideal 
Gas  Station,  run  by  my  friend  Saul 
Vent,  who  at  the  moment  is  freon  bail." 

Just  as  Inspector  Ohms  emerged  from 
the  Ideal  (las  Station,  his  tire  all  fixed, 
a  rubber  policeman  whizzed  by  him  with 
his  Carnot  Cycle  going  at  full  speed. 
( )hms  knew  he  was  deuteride  by,  but 
he  wondered  watt  made  him  rush  so. 
He  shouted  atom,  but  he  was  gone.  His 
reaction  was  instantaneous  as  he  whip- 
ped out  after  him.  By  radio  activity  he 
learned  that  Mike  Rofarad,  Recipro 
City's  top-rankine  rookie,  was  chasing 
a  suspected  joule  thief.  Ohms  chased 
him  down  Klect  Road,  around  the  Dex- 
tro  Rotary,  back  over  Salt  Bridge  and 
up  into  Farren  Heights.  He  turned  left 
at  the  Old  Ball  \U\\,  down  past  the 
Mono-Clinic,  the  Palladium,  where 
there  was  a  mathematical  convention, 
and  all  the  way  to  the  liquid  junction 
at  the  Endothermic  Street.  They  were 
almost  across  the  city  line  when  Sher- 
lock's car  swerved,  and  crashed  into  a 
can  dcr  Waal.  The  Raman  effect 
ruined  his  differential,  so  he  coiddn't 
go  beyond  the  limits  in  it.  He  quickly 
volted  out  of  the  wreck  and  took  up  the 
chase  on  foot.  He  soon  came  across 
Mike,  standing  in  a  magnetic  field, 
holding  Ann  Hydrate  and  Al  Doll  at 
bay. 


''Watts  the  meaning  of  this?"  queried 
the  inspector,  and  the  Copper  was  quick 
to  explain  : 

"\V\'ll,  Sir,  I  stopped  in  at  the  Invar 
Bar,  a  local  dyne  and  dance  spot,  for 
a  couple  of  quartz  of  Lambert  Beer 
when  I  noticed  .Ann  Hydrate  sitting 
alone  at  a  two-place  log  table.  I  knew 
some  joule  thieves  had  made  a  radon 
Kthyl  Benzene's  country  estate,  .iiui  1 
spotted  one  of  the  Benzene  rings  on  her 
along  with  a  para  Ethyl's  earrings. 
Anode  an  explanation  of  this  but  before 
I  could  torque  to  her,  she  was  into  her 
coat  of  rust  and  out  the  door.  True  to 
the  Kopp's  rule,  I  was  quick  to  follow 
when  I  saw  her  get  into  her  Mercury 
Chrome  8.  I  knew  I  was  infra  tough 
chase.  However,  her  engine  started  Feh- 
ling  just  besond  the  cit\'  limits  and  I 
caught  her.  She  had  lead  me  to  the 
missing  joules  and  her  accomplice,  Al 
Doll,  who  was  about  to  Barium  in  a 
hollow,  common  log  under  the  square 
roots  in  this  deserted  magnetic  field!" 

"Son,  >ou'll  go  on  nights  for  this!" 
beamed  Ohms.  This  in  effect  was  a 
promotion,  for  in  Recipro  City  nitrates 
are  much  Mohr  than  those  faraday 
men. 

This  was  first  printed  in  the  Boston 
College  (Ihetn  BulUtin. 


In  his  later  \cars  the  famous  cellist 
David  Popper,  wore  a  jet  black  mus- 
tache although  his  hair  was  snow  white. 
A  friend  asked  him  for  the  reason  of 
this  discrepancy.  "That  is  simple,"  re- 
plied Popper.  "My  mustache  is  t\vent\ 
years  younger  than   my  hair!" 

( )n  his  \v  a\  to  the  train  Glenn  en- 
countered his  Bishop.  What's  your 
hurry?"  asked  the  Bishop.  "There's 
plent\  of  time."  (ilenn  told  him  he  was 
tr\ing  to  make  the   10:20. 

"That's  what  1  thought.  1  am  taking 
that  one  too.  We  have  20  minutes  .  .  . 
why  not  walk?"   replied   the  Bishop. 

I'pon  arriving  at  the  station  they 
found  that  the  10:20  had  departed.  The 
Bishop's  watch  was  15  minutes  slow. 
"Do  you  know,  (jlenn,  I  had  the  great- 
est faith  in  that  watch,"  remarked  the 
Bishop,  comparing  it  with  the  station 
clock. 

Commented  (ilenn  solemnly:  "Of 
what  use  is  faith  without  good  works?' 
*       *       * 

Woman:  "It's  so  good  of  you,  doc- 
tor, to  come  this  far  to  see  my  hus- 
band." 

Doctor:  "Not  at  all.  I  have  a  patient 
next  door,  so  I  thought  I'd  just  kill  two 
birds  with  one  stone." 


Fofnir  Precision  Insliumenl 
Bearings  for  on  Automaric 
Pilot  and  Approach  Coupler 


The  handful  of  Fafnir  Ball  Bearings 
illustrated,  help  to  assure  the  success  of 
an  amazingly  ingenious,  36  lb.  Automa- 
tic Pilot  and  Approach  Coupler  for  jet 
planes.  These  instrument  bearings,  22 
in  all,  weigh  less  than  4  ounces.  Their 
compactness,    extreme    sensitivity    and 


FAFNIR 

BALL  BEARINGS 


dependability  are  vital  to  the  instrument 
system's  design  and  performance.  Fafnir 
Extra-Small  Ball  Bearings  for  extremely 
small  shafts  are  available  in  various  con- 
structions and  tolerances  to  meet  exact- 
ing requirements.  The  Fafnir  Bearing 
Company,  New  Britain,  Conn. 


Most  Complete  | 


I  Line  in  Americo 
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Two  agrictiUttral  scientists, 

jmm  a  /arge  state  titii versify, 

check  the  biue  print 

Jor  irrigation  pipe  on  Republic's 

experimental  jarm. 


HERE 

THE  CATTLE 

ARE 

GUINEA 
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If  you're  going  into  industry,  one  of  your  most  difficult 
tasks  faces  you  in  the  next  few  months.  You'll  have 
to  distinguish  between  progressive  companies  and 
stand-stills.  One  way  is  to  consider  the  pioneering 
each  is  doing. 

How  much  does  this  company  you  might  join 
plan  its  future? 

How  much  does  it  care  about  society  in  general? 

The  cattle  in  the  picture,  for  instance,  are  at  Republic's 
experimental  farm.  They  are  part  of  a  study  to  deter- 
mine how  much  extra  grass,  hence  extra  meat,  can  be 
produced  by  irrigation.  The  purpose  of  the  experiment 
is  to  prove  the  benefit  of  converting  worn-out  crop 
land  to  profitable  grazing  area. 

The  economic   reasons   for  Republic's  experiment 


are  that  animals  must  be  fenced  and  Republic  makes 
steel  farm  fence;  also  that  irrigation  requires  pipe  and 
Republic  makes  steel  irrigation  pipe.  But  beyond  this 
immediate  commercial  aspect.  Republic's  experimental 
farm  has  a  goal  reaching  far  into  the  future. 

Republic  Steel's  policy  is  based  on  a  deep  realization 
that  no  economic  or  social  section  of  a  nation  can  long 
progress  at  the  expense  of  others.  Progress  must  be 
mutual  and  industry  has  a  responsibility  to  do  jor  its 
customers  as  well  as  to  sell  to  them.  This,  we  believe, 
is  an  enlightened  approach  to  economics  which  will 
promote  the  continuing  welfare  of  all. 

We  hope  such  research  programs,  of  which  our  farm 
experiments  are  only  one  example,  will  catalog 
Republic  in  your  mind  as  a  progressive,  forward- 
thinking  company. 


REPUBLIC  STEEL 

GENERAL    OFFICES    •    CLEVELAND   1,OHIO 

WORLD'S     WIDEST     RANGE     OF     STEELS     AND     STEEL     PRODUCTS 


OCTOBER,   1953 
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the  department  of  .  .  . 


General  Engineering 


by  Paul  E.  LaViolette,  E.  E.,  '55 


The  iH-west  Dcpartnu-nt  in  the  Col- 
lege of  Engineering  has  made  its  ap- 
pearance in  time  for  the  fall  semester. 
Incoming  freshmen  will  be  glad  to  find 
a  ne\\l\,  well-organized  department  em- 
powereil  to  grant  degrees  in  (Jeneral 
Kngineering  in  place  of  the  almost  in- 
terdepartmental shuffle  that  had  taken 
place  in  previous  years. 

The  curriculum  offered  by  tlic  de- 
partment is  designed  for  students  who 
do  not  wish  to  pursue  the  more  special- 
ized engineering  curricula  with  tl'.eir 
greater  emphasis  on  test  procedures  and 
design,  but  who  wish  to  secure  a  sound 
education  in  engineering  principles  and 
their  application.  With  the  completion 
of  the  normal  4  \ear  course  {which  is 
flexible  enough  to  allow  sales  engineer- 
ing and  management  options)  a  degree 
of  Bachelor  of  Science  in  (leiieral  En- 
gineering will  be  conferred. 

Although  the  department  has  just  re- 
cently been  organized,  (ieneral  Engi- 
neering students  have  been  graduating 
from  the  Engineering  College  for  a 
number  of  years.  Men  such  as  Profes- 
sor R.  P.  Hoelscher,  now  head  of  the 
department.  Dean  H.  H.  Jordan  (re- 
tired), Professors  C.  H.  Springer,  A.  J. 
Fricdrich  and  J.  S.  Drobrovolny  and 
many  others  in  what  had  been  formerly 
General  Engineering  Drawing,  helped 
teach  and  advise  these  students.  Dean 
Jordan,  who  retired  just  this  Septem- 
ber after  42  years  with  the  College  of 
Engineering,  did  much  to  develop  the 
General   Engineering  Department. 

The  (lencral  Engineering  curriculum 
was  begun  in  1922  and  the  first  General 
Engineering  student  was  given  his 
diploma  in  1923.  Since  that  year  more 
than  500  students  have  graduated  in 
this  field.  Enrollment  has  steadily  in- 
creased so  that  at  the  end  of  the  spring 
semester  of  1953,  119  students  were  en- 
rolled in  (jeneral  Engineering.  This 
fall  should  bring  the  total  to  151  making 
it  at  its  very  start  as  a  Department  the 
fifth  largest  in  the  College. 

.Much  of  the  former  curriculum  has 


be^-n  letained,  but  several  new  courses 
have  been  added  such  as  "The  History 
of  Engineering,"  "Engineering  Re- 
ports" and  others  that  tend  to  round 
out  the  curriculum. 

The  "Society   ot   General    Engineers' 
has    been    reorganized    on    the    campus, 


in  in  Engineering  might  do  well  to  con- 
sider (iencral  Engineering  as  an  excel- 
lent field  of  stud\ .  Enveloping  the  whole 
field  of  engineering  as  it  does  it  gives 
amazing  insight  into  the  problems  that 
all  tvpes  of  engineers  are  constanth 
beins;   confronted    with   and   is   therefore 


Professor    Randolph    P.    Hoelscher,    head    of    the    Department    of    General 
Engineering.  (Photo  by  Tucker  Nason,  lllini   Photo  Staff) 


also.  Discontinued  during  the  war  after 
an  existence  of  20  \ears  because  of  lack 
of  students,  it  was  reopened  in  the  spring 
semester  of  this  year  with  a  membership 
of  25.  William  E.  Getzen  was  elected 
president  and  Professors  S.  G.  Hall, 
R.  W.  .McDonald,  T.  C.  Hartley  and 
J.  S.  Dobrovolny  agreed  to  act  as  spon- 
sors. 

Freshmen    who    are    in    doubt    as    to 
what    they    actually    want    to    specialize 


almost  a  necessity  for  managerial  posi- 
tions. Small  industries  are  constantly 
clamoring  for  trained  men  who  know 
the  oserall  picture  and  can  get  things 
done  quicker  and  cheaper  because  of 
this  knowledge.  Students  interested  in 
this  field  are  invited  by  the  Department 
to  drop  in  at  any  time  with  their 
questions.  Department  offices  are  on  the 
second  floor  of  the  Transportation 
Huilding. 
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ectrical  wires  and  cables 


Natural  rubber,  including  Laytex'?', 
GR-S  synthetic  rubber  and  thermoplastic 
insulations  are  available  in  two  classes,  de- 
pending on  whether  they  are  designed  for 
use  in  dry  or  wet  locations.  Standard  insula- 
tions. Type  R  and  Laytex  Type  RU  (made 
from  rubber )  and  Type  T  ( made  from 
thermoplastic)  are  for  use  in  dry  locations 
while  moisture-resistant  insulations  Tvpes 
RW.  RUW,  and  T\V  are  for  use  in  wet 
locations.  There  are  many  installations,  par- 
ticularly in  buildings,  where  the  less  costly 
standard  compounds  give  entirely  satis- 
factory service. 

Natural  rubber  and  GR-S  synthetic 
rubber  insulations  are  also  available  in 
two  classes  depending  on  the  operating 
temperature  for  which  they  are  de- 
signed, namely.  Type  R  and  R\V  for 
So  C.  operation  and  Type  RH  and  RUH 
for  75  C.  operation.  Conduaors  insu- 
lated with  RH  insulation  carry  more 
current,  that  is,  use  the  conductor  more 
efficiently  than  those  insulated  with 
Fype  R  insulation.  Tliere  is  also  avail- 
ible  a  combination  insulation  capable 
)f  operating  at  60  C.  in  wet  locations 
md  75  C.  in  dry  locations.  Butyl  rubber 
nsulation  is  suitable  for  operation  ar 
?0  C.  and  silicone  rubber  for  even 
ligher  temperatures. 

The  thermoplastic  insulations  described 
bove  are  limited  to  600  volts  for  general 
lower  distribution.  The  rubber  and  rubber- 
ike  insulations  are  limited  to  a  maximum 
iperating  voltage  of  5000.  For  operation  at 
ligher  voltages  where  ozone  is  produced  in 

For  reprints  of  these  pages  write  to  address  below. 
Ilectrical  Wire  and  Cable  Department 

Rockefeller   Center    •    New   York    20,  N.  Y. 


quantity,  resistance  to  ozone  in  the  insula- 
tion must  be  provided. 

Acceptable  ozone  resistance  in  rubber 
and  GR-S  synthetic  rubber  insulations 
is  provided  by  incorporating  in  them 
relatively  high  percentages  of  an  inert 
or  chemically  saturated  compound  such 
as  vulcanized  vegetable  oil.  These  are 
the  so-called  oil  base  compounds.  Com- 
pounds made  from  butyl  rubber  are 
inherently  ozone  resistant.  Oil  base  and 
butyl  compounds  are  suitable  for  opera- 
tion at  a  ma.ximum  voltage  of  about 
28  KV,  grounded  neutral,  when  prop- 
erly shielded. 

Varnished  cambric  insulated  cables  are 
generally  used  in  the  same  voltage  range 
as  ozone  resistant  rubber,  that  is,  at  a 
maximum  of  28  KV,  grounded  neutral,  and 
at  a  maximum  conductor  temperature  of 
85  C.  For  use  in  wet  locations  varnished 
cambric  cables  must  be  covered  with  a 
lead  sheath. 

Impregnated  paper-insulated,  lead- 
covered  cables  are  suitable  for  operation 
at  voltages  up  to  69  KV  at  a  maximum 
temperature  of  85  C.  Gas  or  oil  filled 
paper  insulated  cables  are  suitable  for 
higher  voltage  services  at  somewhat 
reduced  temperatures. 

Insulation  thicknesses  for  all  insulations 
depend  on  the  rated  voltage,  the  conductor 
size  and  type  of  insulation.  Minimum  in- 
sulation resistance  and  test  voltages  have 
been  established  for  all  classifications. 
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•  Claud  M.  Kellett,  Jr.  received  his  Bachelor  of  Electrical 
Engineering  degree  from  Georgia  Tech  in  1950. 

Claud's  first  year  at  Allison  was  spent  in  the  company 
of  other  recent  engineering  graduates  in  a  college  gradu- 
ate training  program.  This  program  helped  him  gain 
practical  experience  in  the  activities  of  selected  depart- 
ments throughout  the  Allison  plants.  On  the  completion 
of  his  training,  a  call  to  active  duty  with  the  Army  delayed 
Claud's  permanent  assignment  to  an  Allison  department. 
However,  the  twenty-one  months  he  was  away  did  not 
diminish  his  opportunities  in  the  least.  When  he  returned 
early  this  year  he  was  able  to  resume  his  career  in  engin- 
eering with  the  result  that  today  he  is  an  experimental 
engineer  concerned  with  electronic  instrumentation  in  the 
Research  Group  of  the  Transmission  Test  Department. 

The  torqmatic  converter  turbine  that  Claud  is  working 
with  is  a  vital  element  in  the  operation  of  Allison  heavy 
duty  transmissions.  Allison  is  the  world's  largest  manu- 
facturer of  torqmatic  drives  for  heavy  duty  Ordnance  and 
commercial  vehicles  and  equipment.  The  commercial  con- 
verters and  transmissions  are  used  in  scrapers,  tractors, 
trucks,  cranes,  shovels  and  drilling  rigs. 


The  problem  presented  to  him  in  connection  with  the 
turbine  was  to  find  the  level  of  residual  stresses  created 
in  the  turbine  by  repair  welding  performed  on  the  hub. 
The  feasibility  of  such  welds  might  then  be  determined. 
Claud  applied  variable  resistance  type  strain  gages  to  the 
turbine  vanes  at  their  exits  and  read  their  strain  levels 
with  the  strain  indicator.  Then  he  cut  the  vanes  around 
each  of  the  strain  gages  to  relieve  residual  stress  and 
re-read  the  strain  levels.  From  the  difference  in  strain 
between  the  stressed  and  relieved  conditions  he  was  able 
to  calculate  the  residual  stress  induced  by  the  welds. 

Yesterday  Claud  was  interested  in  torsional  vibration 
and  the  electronic  "know-how"  required  to  present  it  for 
oscillographic  recording.  He  knows  that  tomorrow  the 
many  tests  of  transmissions  and  component  parts  will 
each  present  unique  problems.  Pressure  transducers,  vi- 
bration pick-ups  electronic  flow  meters  and  tachometers 
must  be  installed  with  a  myriad  of  complicating  factors 
ever  present.  Equipment  not  available  must  be  designed 
and  built,  or  existing  equipment  modified.  A  future  at 
Allison  holds  a  constant  challenge  of  doing  that  which 
has  not  been  done  before. 


V?l 


Allison  ii  looking  for  young  men  with  degrees  in  MECHANICAL  ENGINEERING,  ELECTRICAL  ENGINEERING, 
AERONAUTICAL  ENGINEERING  and  INDUSTRIAL  ENGINEERING.  There  are  a/so  a  number  of  openings 
for  mo/or$  in  Metallurgy,  Electronics,  Mathematics  and  Physics.  Write  now  for  further  information:  R.  G.  Green- 
wood, Engineering  College  Contact,  Allison  Division,  General  Motors  Corporation,  Indianapolis  6,  Indiana. 

DIVISION  GENERAL  MOTORS  CORPORATION  •  Indianapolis,  Ind. 

Design,  development  and  production  —  high  power  TURBINE  ENGINES  for  modern  aircraft  .  .  . 
heavy  duty  TRANSMISSIONS  for  Ordnance  and  Commercial  vehicles  .  .  .  DIESEL  LOCOMOTIVE 
PARTS    .    .    .    PRECISION    BEARINGS    for  aircraft,   Diesel   locomotives  and   special  application. 
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Future  of  Automatic  Controls  brings  new  opportunities  for 

engineers  and  scientists  at  Honeywell 


-/?-^ 


As  science  advances,  and  as  our  coun- 
try continues  to  develop  its  industrial 
mifjht,  the  business  of  automatic  con- 
trol j^ets  bigger  and  increasingly  im- 
portant. 

Vnr  the  prime  force  behind  the  20th 
century  revolution  has  been  and  will 
continue  to  be  automatic  control. 

So  at  Honevwell,  leader  in  this  field 
for  over  60  years,  it  of  course  means  a 
bigger,  more  exciting,  more  challeng- 
ing job  ahead  — all  of  which  adds  up  to 
greater  opportunities  for  engineers  and 
scientists. 

And  that's  why  we're  always  looking 
for  men  with  ideas  and  ambition  to 
prow  with  US. 


Here  at  Honevwell  one  out  of  ten 
emplovces  is  engaged  in  research  and 
engineering  activities. 

Shown  below  is  part  of  our  Aero- 
nautical Division's  analog  computing 
equipment,  which  helps  our  research 
engineers  to  develop  and  simulate 
flight  tests  on  automatic  controls  for 
aircraft.  It's  tvpical  of  work  being  done 
by  all  of  the  company's  eight  divisions 
in  plants  across  the  country. 

So  if  you're  an  engineer  or  scientist 
and  like  to  use  your  imagination  freely 
in  such  fields  as  electronics,  hydraulics, 
mechanics,  chemistry,  physics,  and  a 
wide  variety  of  others,  be  sure  to  send 
in  the  coupon  below. 


America  li\ci  better  — 4sork=  better  — with  Honeywell  contro 


•vnp    MINNEAPOLIS      ^^ 

Honeyiveil 


H 


*-}^t7  tvu(3^Cto6- 


MiMVEAHOLisHo.NEVWELL  Re(;li.ator  Co. 
Personnel  Dept.,  Minneapolis  8,  Minnesota 
Gentlemen:  Please  send  me  your  booklet,  "Emphasis  on 
Research"  which  tells    more   about    engineering    opporlu- 
nities  at  Honeywell. 

Name — 


Address^ 
City 
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The   Need  for  More 


BROAD- 
MINDED 


ENGINEERS 


by  Ken  Gablin,  E.  Physics,  '54  (U.  S.  Army) 


In  our  (lay  of  specialists  and  special- 
ties, we  seem  to  he  going  through  a  dif- 
ferent trend  in  the  engineering  profes- 
sion. Industr\  is  crying  for  well  round- 
ed men,  men  that  have  heen  trained  in 
all  phases  of  industry,  particularh  in 
the  fields  of  engineering,  manufacturuig 
and  marketing.  This  trend  is  reflected 
in  our  colleges  and  uni\ersities  where 
pressure  is  heing  exerted  by  the  larger 
corporations  to  give  the  engineering  stu- 
dents five  years  of  training  instead  of 
the  usual  four.  This  extra  year  and  ad- 
ditional expense  is  not  to  give  the  stu- 
dent more  theoretical  work.  No,  on  the 
contrary,  it  is  primarily  designed  to  gi\e 
the  future  graduate  a  better  perspective 
of  the  world  that  he  is  about  to  go  out 
into  for  a  li\elihood.  This  additional 
year  is  one  ni  which  the  student  can 
"dabble"  in  the  arts,  learn  to  write 
business  letters,  or  do  anything  outside 
of  his  college  or  option  to  gather  \alu- 
able  training  which  would  be  rather 
difficult  ff)r  the  a\erage  engineer  to 
obtain    after   graduation. 

You  say  the  industry  wants  this?  Yes, 
the  iiidustr\  wants  a  man  who  is  able 
to  .see  the  whole  system ;  how  the  raw 
materials  come  into  the  plant,  then  made 
or  fabricated,  and  out  the  back  door. 
The  reason  is  fairly  obvious.  The  <la\ 
when  an  engineer  entered  into  the  em- 
ployment of  a  company  and  stayed  until 
retirement  age  at  one  particular  place 
or  type  of  work  is  rapidly  becoming  his- 


tory. In  our  modern  age  of  today  the 
engineers  are  being  called  upon  tn  do 
a  far  more  important  job.  These  new 
positions  are  executive  opportunities  in 
the  major  functions  of  modern  history. 
'I'hese  functions  ;ne  (  1  )  engineering, 
the  technical  work  that  goes  into  a  pro- 
duct before  it  is  produced  in  great  num- 
bers, (2)  manufacturing,  the  produc- 
tion of  the  product  in  such  quantities 
that  the  unit  cost  is  slight  and  the  con- 
sumer is  able  to  buy  them,  and  (3) 
marketing,  the  function  that  handles  the 
distribution  of  the  product  from  the 
back  door  of  the  factory  to  the  sliehes 
of  the  retailer. 

In    the    field    ot    engineeiing    lies    the 


KEN  GABLIN,  business 
monogcr  elect  tor  1953- 
193-4  was  dratted  durmg 
the  summer,  but  submit- 
ted this  orticie  in  absen- 
tia Ken  would  hove  grad- 
uated   in    June    1954. 


research  man,  then  comes  the  adxance 
and  de\  {•lopnicnt  man,  ami  finally  com- 
ing down  in  ever  diminishing  hair 
lengths  come  the  design,  production  and 
manufacturing  engineers.   Electrical  en- 


gineers, mechanical  engineers,  civil  en- 
gineers, and  general  engineers  have 
taken  on  such  prefix  titles  as  systems, 
product,  project,  standards,  administra- 
tive, test,  field,  and  production.  What 
has  happened?  Simply  that  the  individ- 
ual engineer  can  no  longer  carry  all 
the  burdens  of  the  many  individual  in- 
vestigations, attend  the  necessar\-  con- 
ferences, and  plan  the  fiscal  and  field 
testing  programs,  and  solve  the  pro- 
duction  and   packaging  problems. 

All  types  are  important  and  have  a 
definite  place  in  industry.  The  qtiestion 
that  now  arises  in  the  mind  of  the 
young  graduate  engineer  is:  W'here 
should  I  go?  The  answer  is  simple. 
While  trying  the  other  colleges  to  see 
what  they  have  to  offer,  you  discover 
that  you  have  aptitudes  and  abilities 
in  unrelated  fields.  You  then  have  more 
than  one  slot  in  which  to  enter.  If  you 
take  to  law,  patent  law  may  be  the 
field.  Maybe  \ou  will  like  marketing. 
Wh\  not  tr\  engineering  sales?  The 
field  is  wide  open  and  pay  is  excellent. 
\  ou  sa\  you  like  journalism.  Well  you 
are  set.  Technical  writing  is  growing 
into  a  new  profession  which  requires 
an  engineering  background  with  an  un- 
limited opportunity  to  learn.  It  is  pos- 
sible that  statistics  may  get  you  worked 
up.  Statistical  quality  control  is  just 
breaking  the  ground. 

It  is  not  too  important  that  \nur 
first    choice    is    \our    best    either.    With 
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the  present  shortage  of  all  types  of  en- 
gineers, you  have  bargaining  povv'er  in 
excess  of  any  previous  period  during  the 
existence  of  the  profession.  This  will 
offer  you  nian>'  opportunities  to  move 
iaterah'  between  divisions  and  depart- 
ments. The  modern  concL-pt  of  person- 
nel management  would  far  rather  have 
you  do  this  than  become  dissatisfied  at 
your  present  job  or  leave  the  company. 
Management  approves  of  transfers  too 
because  it  offers  the  emplo\ees  a  chance 
to  broaden  thenisehes  and  therefore  be 
an  asset  to  them. 

.\Ian\  of  the  larger  corporations  have 
sensed  the  need  for  trained  men  and 
ha\e  introduced  training  programs 
which  will  enable  the  graduate  to  span 
the  gap  between  school  and  industry, 
and  at  the  same  time  have  an  oppor- 
turuty  to  look  around  inside  the  com- 
pany for  the  job  that  he  would  like  to 
ha\e.  Some  of  the  most  famous  ones 
are  the  General  Electric  Test  Engineer- 
ing Program,  The  Bethlehem  Steel's 
Loop  Course,  and  (iood\ear's  Flying 
Squadron.  It  is  often  profitable  for  the 
engineer  to  enter  these  training  pro- 
grams even  though  the  wages  offered 
are  lower.  During  your  lifetime,  the 
benefits  obtained  from  these  training 
programs  will  far  out-weigh  the  de- 
creased  uiitial  wage. 

In  closing,  I  would  like  to  ]ioint  out 
two  important  things,  (jet  plent\  of 
training  and  be  flexible.  RemembL-r  it 
is  just  as  easy  to  score  a  touchdown  by 
lunning  end  rather  than  "bucking" 
througii   tile   middle. 


An   e.Tgineer  must   mal<e  frequent  contact  with   a  variety  of  customers  as 
he  attempts  to  solve  their  engineering  problems. 


Engineers  are  often   called   upon   to   make  detailed   estimates  of  the  cost 
and  application  of  complex  equipment. 


A   profession   is  something  you  study 

years    to    get    into    and    then  spend    the 

rest  of  \'our  life   tr\'ing  to  earn  enough 
til  get  out  of. 

A   yard    is  onl\    three   feet  long   luitil 

a  man  starts  to  push  a  lawn  mower  on 
,1    hot   summer   afternoon. 


1  he   young   are   alwa\s   ready  to  give 
their  elders  the  full   benefit  of  their  in- 


.Most  women  want  to  hear  the  truth 
-no   matter   Imw    flatrering   it   is. 


judging    tiom  the    flow    of    refugees 

the   Iron   Cuitaiji  is  nothing  more  than 
a   iinc-\\a\    sie\e. 

■t  «        » 

The  woman's  work  that's  never  done 
is  most   likely   the   work  she  asked   her 

husband   to  do. 

■t        *        * 

.\!\  great  concern  is  not  whether  you 
have  failed  but  whether  you  are  content 
with  \()\n'  failure. 
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oEiii  LOOK  1(1  JET  fOGinep 


Through  the  use  of  industrial  television,  Pratt 
&  Whitney  Aircraft  engineers  can  now  watch 
what  happens  as  big  jet  engines  are  run  under 
abnormal  conditions.  Without  personal  hazard, 
they  can  see  inside  the  test  cell  from  any  loca- 
tion in  the  plant. 

On  their  television  screens  they  can  observe 
the  action  of  linkages,  controls  and  other  parts. 
Even  infra-red  characteristics  not  visible  to  the 
human  eye  can  be  studied. 

But  to  do  this,  many  technical  problems  had 
to  be  solved.  For  instance,  commercial  equip- 
ment had  to  be  modified  in  many  ways  to 
operate  under  abnormal  temperatures  and  in 
hazardous  atmospheres.  Soon  a  further  develop- 
ment will  permit  remote  traversing  of  the 
camera  and  adjustment  of  lenses. 

This  typifies  the  way  in  which  new  engineer- 
ing and  research  facilities  are  constantly  made 
available  to  Pratt  &  Whitney  Aircraft  engineers. 
Here  engineers  are  encouraged  to  experiment 
with  new  ideas  —  given  an  opportunity  to  do 
real  engineering. 


PRATT  &  WHITNEY    AIRCRAFT 

Division    of    United    Aircraft    Corporation 

EAST     HARTFORD    8,     CONNECTICUT 


If  you  are  interested  in  our  employ- 
ment opportunities  for  engineers, 
contact  your  College  Placement  Officer 
or  write  directly  to  Mr.  Frank  W. 
Powers,  Engineering  Department, 
Pratt  &  Whitney  Aircraft,  East  Hart- 
ford,  Conn. 
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THE  DU  PONT 

DIGEST 


provides  broad  opportunities 
for  chemists,  phiysicists 
and  engineers  cooperating 
on  many  problems. 


For  one  thing,  much  Du  Pont  re- 
search is  fundamental,  aimed  at  ad- 
vancing scientific  knowledge  regard- 
less of  specific  commercial  objectives. 
However,  such  research  often  sug- 
gests new  products  .  .  .  each  with  its 
own  challenging  technical  problems 
which  must  be  solved  before  com- 
mercial production  can  begin.  Solv- 
ing these  problems  offers  another 
great  field  of  work  for  teams  of  en- 
gineers and  scientists. 

"Teflon"  tetrafluoroethylene  resin 
is  an  example  of  this  well  integrated 
teamwork. 


Doing  chemical  imgineering rt'^earch  on  a  plate 
in  a  distiUalion  tower  are:  C.  M.  Gomel,  Jr., 
S.M.Ch.E.,  M.I.T.  '48:  and  J.  B.  Jones, 
M.S.Ch.E.,  Unw.  of  Mich.  '46. 


Howard  E.  HolmquisI,  Ph  D.  in  Org.  Chem., 
Univ.  of  Minn.  '51,  is  shown  at  work  on  a 
problem  in  synthetic  organic  chemistry. 


During  research  on  refrigerants, 
the  polymer  was  discovered  and  work 
was  begun  to  make  it  useful.  The  new 
plastic  had  a  remarkable  combina- 
tion of  properties;  temperature  re- 
sistance beyond  the  range  of  any 
previous  plastic,  excellent  electrical 
characteristics,  and  the  highest  de- 
gree of  chemical  inertness  of  any 
commercial  plastic. 

In  fact,  "Teflon"  was  almost  too 
unusual.  Although  it  melts,  it  is  too 
viscous  to  flow  like  other  plastics.  It 
does  not  dissolve — even  in  aqua  regia. 
There  was  no  method  for  molding  it 
or  for  making  it  into  thin  coatings. 

The  problem  of  molding  was  solved 
with  the  help  of  techniques  used  in 
powder  metallurgy.  "Teflon"  is  now 
molded  by  cold  pressing,  followed  by 
sintering  or  "fusuig"  at  about  360°C. 


Research  worl<ers  haue  available  modern  appa- 
ratus, such  as  the  infrared  spectrometer  being 
used  here  by  Vaughan  C.  Chambers,  Ph.D. 
Org.  Chcm.,  M.I.'i  .  '50. 

For  coatings,  previous  research 
suggested  dispersions — minute  par- 
ticles suspended  in  a  liquid.  After 
much  study,  a  team  of  technical  men 
learned  how  to  suspend  particles  of 
"Teflon"  about  1  125,000  of  an  inch 
in  diameter.  Then  a  commercial  scale 
process  was  devised.  This  develop- 
ment made  possible  thin  coatings  of 
"Teflon"  and  also  a  process  for  ex- 
truding the  material. 

Meanwhile,  another  group  discov- 
ered how  to  successfully  formulate 
the  new  plastic  into  "Teflon"  tetra- 
fluoroethylane  resin  finishes  and  wire 
enamels. 

The  development  of '  'Teflon"  illus- 
trates the  close  teamwork  that  is  the 
basis  of  research  at  Du  Pont.  But 
this  teamwork  doesn't  end  with  re- 
search. Bringing  the  product  to  com- 
mercial reahty  requires  development 
and  design  work  by  chemists  and  both 
chemical  and  mechanical  engineers. 
Next  month's  Digest  will  feature  m- 
formation  on  the  opportunities  Du 
Pont  offers  men  interested  in  this 
phase  of  making  "better  things  for 
better  living  . . .  through  chemistry." 


ASK  FOR  "Chemical  Engineers  at 
Du  Pont."  New  illustrated  booklet  de- 
scribes initial  assignments,  training  and 
paths  of  promotion.  Just  send  post  card 
to  E.  I.  du  Pont  de  Nemours  &  Co. 
(Inc.),  2521  Nemours  Building,  Wil- 
mington, Delaware.  Also  available:  Du 
Pont  and  the  College  Graduate  and 
Mechanical  Engineers  at  Du  Pont. 


BETTER  THINGS   FOR  BETTER  LIVING 

.  .  .  THROUGH  CHEMISTRY 

Watch  "Cavalcaile  of  America,"  on  Television 


OCTOBER,  1953 


39 


Anoilur  cxatnplf  of  opportunities  for  engineers  at  LINK-BELT 

High  speed  ''highway"  for  low  costs 


Millions  of  tons  of 
bulk  materials  now  ride  on 
belt  conveyors  engineered 
and  built  by  LINK-BELT 

For  bulk  materials  handling,  belt  conveyors 
provide  remarkable  initial  economies.  And 
in  many  cases  operation  and  maintenance 
cost  far  less  than  any  other  method  of 
transportation. 

Belt  conveyors  handle  huge  tonnages, 
because  tlie  material  runs  at  high  speed  in 
a  continuous  stream — 24  hours  a  day,  if 
desired. 

Initial  cost  is  low,  because  there  is  no 
need  to  carve  out  hills  or  fill  in  low  spots 
— no  need  for  heavy  bridges  over  obstruc- 
tions. Belt  conveyors  are  light  in  weight  and 
operate  in  narrow  or  low  passages  ...  up  or 
down  steep  grades.  They  are  inherently  long- 
lived,  requiring  little  maintenance. 

The  science  of  handling  bulk  materials 
is  just  one  of  many  growing  fields  open  to 
graduate  engineers  at  Link-Belt.  If  you're 
near  one  of  the  many  Link-Belt  plants  listed 
below,  stop  in  for  a  talk.  Or  write  today  for  j 
fully  illustrated  booklet,  "An  Introduction  1 
to  Link-Belt."  I 

^    Link-Belt  bell  coni'eyor  system  at  Hungry 
Horse  Dam   (Mont.)  carries  900  tons  per  hour  ] 
of  bleniled  sand  and  sized  aggregates  up  a  steep 
canyon  wall  to  concrete  mixing  towers. 


LINK-Q-BELT 


LINK-BELT    COMPANY 

Executive  Ollkes: 
307  N.  Michigan  Ave..  Chicago  1,  111. 

Atlanta 1116  Murphy  Ave.,  S.  W. 

c:edar  Rapids,  Iowa 1201  Sixth  St.,  S.  W. 

Chicago  9 300  W.  Pershing  Roaii 

Chicago  8 2410  West  18th  St. 

Colmar.  Pennsylvania 3400  Walnut 

Houston   1 ^203  So.  Wayside 

Inilian.ipoli';  r,    220  S.  Belmont  Ave. 

Inili.m.ip.>l.s  (.    519  N.  Holmes  Ave. 

I  OS   .Vm;;.  lis    si, ^61    S.   Anderson  Ave. 

Miniu-.ipolis   S     200  Lvndale  Ave..  N. 

PhiLidelpliia  ^0 2045  W.  Hunting  Park  Ave, 

San  Francisco  24 400  Paul  Ave. 

Seattle  4 3405  Sixth  Ave.,  S. 


Dramatic  step  in  giving 
grinding  operators  the 

"TOUCH 
OF  GOLD 


^^ 


"32" ALUNDUM*,  a  Norton  development  in  abrasives 


Today  grinding  is  not  just  a  "cost" 
item.  Every  time  a  Norton  grinding 
wheel  comes  in  contact  with  a  product 
being  made,  tiie  operator  has  the  "Touch 
of  Gold"  .  .  .  adds  to  product  value  and 
usefulness . . .  increases  the  profit  margin. 
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Among  the  most  revolutionary  forward 
steps  in  grinding  history  was  the  develop- 
ment by  Norton  of  "32"  ALUNDUM 
abrasive.  It  set  new  standards  for  faster, 
more  productive  work  on  many  types  of 
grinding  such  as  tool  grinding,  surface, 


JDEMONSTRATION  ...  By  a  Norton- 
developed  process,"32"AHJNDUM  abrasive 
grains  form  in  an  electric  furnace  in  a  fluid 
mass.  Each  graiu  "grows"  into  a  single 
crystal.  As  the  matrix  dissolves,  the  crystals 
are  released  —  each  one  complete  in  itself, 
strong,  hard  and  with  many  sharp  points. 
No  crushing  is  necessary. 


TOOl  GRINDING  witli  a  Norton  ALUNDUM 
wliccl  is  rapid  .  .  .  gives  operators  the 
"Touch  of  Gold"  by  better  and  more  eco- 
nomical tool  sharpening. 


internal,  cylindrical,  centerless  grinding. 

This  is  one  of  the  ways  we  at  Norton 
carry  out  the  tradition  of  "Making  better 
products  to  make  other  prothicts  better." 
Another  is  in  the  field  of  Special  Re- 
fractories where  Norton  catalyst  sup- 
ports, seamless  porous  mediums,  kiln 
furniture  and  furnace  linings  are  helping 
industrial  progress. 

A  career  at  Norton  where  engineers 
and  technicians  work  in  19  specialized 
areas,  would  be  interesting  and  produc- 
tive. But  wherever  yon  work,  bear  ia 
mind  that  Norton  is  the  world's  largest 
source  of  abrasives  and  abrasive  products. 
For  information  write  Norton  Company, 
Worcester  6,  Mass. 


NORTON 


^akinq  better  products 
to  make  other  products  better 


Machin 


.    •    Grinding  Wheels 
I  Paper  and  Clolh 
1    •    Non-Slip  Flo 


Pulpstones    •    Oilstones 

Grinding  and  Lapping 

•     Refractories    •    Dorotl 


Carbide  Produd 


NORTON  COMPANY 
WORCESTER  6,  MASSACHUSETTS 

Behr-Monning,  Troy,  N.  1.,  Is  A  Division  of  Norton  Company 
•Trade  -Mark  Reg-  U-  S.  Pol.  OfT.  and  Foreign  Countriel 
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by  Ken  Gablin,  E.  Physics,  '54  (U.  S.  Army)  and 
Donna  Rudig,  E.  Physics,  '57 


MARTIN  GOLDSTEIN 

As  this  is  the  first  issm-  nt  the  'I'tdi- 
nograph  for  the  '53-34  school  year,  it 
is  only  right  that  we  should  present  an 
old  newspaper  hound,  our  editor,  Mart\ 
(loldstein. 

Mart\  is  a  nati\e  ot  I  ni\ersit\  Cit\, 
a  suburh  of  St.  Louis.  While  still  at- 
tending high  school  he  became  distin- 
guished for  writing,  at  least  in  his  home 
town.  This  happened  when,  as  feature 
editor  of  his  school  newspaper,  he  won  an 
award  by  writing  an  article  in  a  Na- 
tional  Tuberculosis  Association   contest. 

l-ia\ing  such  a  journalistic  back- 
ground it's  no  wonder  Marty's  favorite 
hobby  is  the  Trilmografih.  which  fills 
most  of  his  spare  moments.  He  is  also 
an  a\id  fan  of  that  brain  child  of  mod- 
ern writing,  science  fiction.  His  other 
hobbies  are  girls  (which  be  declares  he 
will  give  up)   and  photograph\. 


Hobbies  aren't  enough  for  Mart\  ; 
he's  also  in  many  campus  activities  with 
an  emphasis  on  engineering.  The  Prae- 
torian social  fraternit\'  is  proud  to  claim 
him  as  a  member,  and  so  is  Pershing 
Rifles,  which  he  joined  in  February  of 
'32.  He  belong  to  the  ranks  of  AIChE 
and  has  participated  in  two  Engineer- 
ing Open  Houses.  For  the  '52  Open 
House  he  was  lunch  stand  sub-chairman, 
and  in  '5,^  was  the  physical  arrange- 
ments chairman.  To  top  things  off  he 
held  the  office  of  social  chairman  for 
Clark  House. 

This  juiu'or  Chem  K  majoi'  is  realK 
in  lo\e  with  the  U.  of  I.  for  he  turned 
down  a  $600  scholarship  to  the  Illinois 
Institute  of  Technology  in  fa\or  of  the 
Illini.  During  his  busy  two  years  on  the 
campus,  Marty  has  maintained  a  4.0 
average  and  e.xpects  to  graduate  in  June 
of  '55  with  a  B.S.  in  Chem  E.  After 
a  stint  in  the  army  he  hopes  to  obtain 
an  administrative  position  with  some  or- 
ganization. We  feel  that  if  he  continues 
to  maintain  the  high  caliber  of  work  he 
has  done  here  at  Illinois,  his  success  is 
assvned. 

PROFESSOR  JOHN  "JACK"  HENRY 

Since  the  IX'MA  National  Con\eii- 
tion  is  being  held  at  the  University  of 
Illinois  this  fall,  it  is  onlv  fitting  that 
ue,  the  staff  of  the  ILLINOIS  TECH- 
NOCiRAPH,  introduce  our  favorite 
son.  He  is  Professor  John  Henry,  who 
is  known  as  "Jack"  among  his  faculty 
friends.  Prof.  Henry  has  always  been 
active  with  the  staff  since  he  came  to 
the  L  ni\ersity  of  Illinois  and  during 
the  two  years  of  1947  and  1948,  he 
served  as  president  of  Engineering  Col- 
lege Magazine  Association. 


His  early  life  was  spent  in  Chicago 
and  in  Royal  Oak,  Michigan,  where  he 
recei\ed  his  boyhood  education.  Upon 
graduation  from  high  school,  Jack  en- 
tered .Michigan  State  College  and 
emerged  in  19,?ll  with  his  HS  in  .Me- 
chanical Engineering.  It  is  easy  to  see 
that  he  was  not  wasting  his  time  at 
Michigan  State  after  leartiing  that  he 
is  a  member  of  Tau  Beta  Pi  Engineer- 
ing Honorary,  Pi  Tau  Sigma  Mechani- 
cal     1' nginceriii"      Honnvnrv      and      Phi 


Kappa  Phi  All  College  hraternity.  1  hir- 
ing 1941,  Professor  Henry,  with  his 
wife  and  children  came  to  the  L  inver- 
sity  of  Illinois  to  do  additional  work  in 
Mechanical  f.ngineering.  He  received 
his    .MS    111    Mechanical    Engineering   in 

His  duties  at  the  I  ni\ersit\'  are  di- 
\  ided  between  heat  power  laboratory, 
the  Student  Counseling  Bureau,  and  his 
favorite  course,  quality  control.  Profes- 
sor Henry's  main  form  of  expression 
comes  from  teaching  statistical  quality 
control  and  is  reflected  b\  his  accomp- 
lishments in  the  field.  He  is  one  .of  the 
founding  members  of  The  American  So- 
ciety for  Qualit\  Control,  and  at  pres- 
ent is  chairman  of  the  Committee  on 
Education  and  Training.  Jack  has  been 
active  in  some  15  to  20  short  courses 
and  does  acti\e  consultant  work  in  the 
field. 

With  all  his  outside  activities,  Pro- 
fessor Henry  still  finds  time  to  serve 
his  local  Boy  Scout  Council  as  chair- 
man of  the  training  committee  and 
spend  one-fourth  of  his  University  time 
at  the  Student  Counseling   Bureau. 

From  his  experiences  with  the  Coun- 
•seling  Bureau,  Professor  Henr\  would 
like  to  see  the  state  of  Illinois  establish 
two  >ear  technical  schools  similar  to  the 
ones  in  New  York  and  Oklahoma  for 
persons  with  technical  apptitudes  but 
not  the  abilities  to  enter  into  the  engi- 
neering profession. 
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.  .  .  paper  that  absorbs  the  max- 
imum amount  of  moisture  without 
falling  apart. 


SOLUTION... 

. . .  Kymene*,  a  series  of  wet- 
strength  resins  produced  by  Her- 
cules for  paper  makers.  Kymene- 
treated  paper  has  excellent  absorb- 
ency  and  wet-strength.  Manufac- 
turers, for  example,  find  that  the 
use  of  Kymene  produces  a  vastly 
improved  paper  towel  at  remark- 
ably little  extra  cost. 

COLLEGE  MEN... 

This  is  but  one  example  of  the 
far-reaching  chemical  develop- 
ments in  which  you  could  partici- 
pate at  Hercules — in  research, 
production,  sales,  or  staff  opera- 
tions. It  suggests  the  ways  Her- 
cules' products  serve  an  ever- 
broadening  range  of  industries 
and  end-uses. 


Hercules'  business  is  solving  problems  by  chemistry  for  industry ••• 


% 


.  .  .  plastics,  paint,  varnish,  lacquer,  textiles,  paper,  rubber,  insecticides,  adhesives,  soaps,  detergents, 
to  name  a  few,  use  Hercules®  synthetic  resins,  cellulose  products,  chemical  cotton,  terpene  chem- 
icals, rosin  and  rosin  derivatives,  chlorinated  products  and  other  chemical  processing  materials. 
Hercules®   explosives  serve  mining,   quarrying,   construction,   seismograph  projects  everywhere. 


HERCULES 


HERCULES   POWDER.   COMPANY   Wilmington  99,  Delaware 
Sales  Offices  in  Principal  Cities 
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High  Speed  Electronic 
Memory 

edited  by  Paul  E.  LaViolette,  E.  E.,  '55 


SuccesstuI  cxpci  imcntal  opciarioii  ot 
a  \crv  hifjh-spccd  electronic  niemoiy  de- 
vice that  promises  to  help  soKc  scieiiti- 
tic  and  economic  problems  too  \ast  and 
too  complex  tor  the  present  capabilities 
of  electronic  computers  has  been  re- 
vealed by  Dr.  Jan  A.  Rajchman,  a 
physicist  of  the  RCA  Laboratories  Divi- 
sion. 

The  new  inemorv  device,  which  com- 
bines the  feature  of  high  speed  with  a 
potentially  huge  information  storage  ca- 
pacity, was  described  by  Dr.  Rajchman 
at  a  recent  sympossium  on  digital  com- 
puters sponsored  by  the  Argonne  Na- 
tional Laboratorv'  at  Lemont,  III.  De- 
signed at  the  David  Sarnoff  Research 
Center  of  RCA,  Princeton,  \.  J.,  the 
device  consists  basicallv  of  1(1, ()()()  tiny 
ring-shaped  magnets  woven  nn  tliiii 
wires. 

The  memory  section  is  ottcri  consid- 
ered the  weakest  link  in  prcsent-da\ 
computers.  Dr.  Rajchman  said.  Various 
memory  systems  now  in  use  are  either 
fast  in  receiving  and  giving  out  informa- 
tion or  they  can  store  vast  quantities  of 
information,  but  none  has  been  able  to 
do  both.  Mcsides,  he  said,  many  systems 
are  not  completely  reliable,  i.e.,  thev' 
tend  to  "forget"  or  "scramble"  some  of 
the  information  they  have  stored  before 
it  is  wanted  by  the  parts  of  the  com- 
puter that  do  the  actual  computing. 

Dr.  Rajchman  said  the  new  device  ap- 
peared to  offer  significant  advantages 
for  computers  of  the   future  bccau.se: 

1.  It  can  "memorize"  or  "recall"  a 
bit  of  information  in  a  few  millionths 
of  a  second.  (A  bit  of  information  is 
expressed  as  "0"  or  "1"  in  a  computer. 
In  combination  with  other  bits,  it  c;m 
I'epresent  numbers  or  words  or  svni- 
bols). 

2.  It  can  store  lO.OOO  bits  at  any  one 
instant.  With  100  such  devices  con 
nected  together,  which  is  theoretical  1\ 
possible,  a  million  bits  could  be  stored. 
A  million  bits  is  more  than  would  be 
needed  to  translate  five  solid  pages  of 
a  newspaper  into  the  memory  s  language. 

.?.  It  potentially  has  a  very  high  de- 
gree of  reliability,  since  its  tiny  mag- 
netic cores  never  wear  out  no  matter 
how  much  information  is  fed  in  or  out. 


udd 


veai- 


thc  same  bit 
if    this    were 


.lieap. 


Besides,  a  core 
of  information 
desired. 

4.   It  promises  to  be  relativelv 
as  memories  for  computers  go. 

The  heart  of  the  present  10,0(IO-core 
memory,  Dr.  Rajchman  explained,  is  a 
grid  or  matrix  of  a  hundred  closely 
-.paced  wires  at  right  angles  to  which 
run   a   hundred   more   wires. 

At  each  intersection  of  the  v\ires  is  a 
magnetic  core,  he  said.  Through  the 
center  of  each  core  runs  one  vertical 
wire  and  one   horizontal  wire. 

The  cores,  which  are  about  the  size 
and  shape  of  the  type-written  letter  "o" 
and  one-fifteenth  of  an  inch  thick,  are 
made  of  a  special  ferromagnetic  spinel, 
a  ceramic-like  material.  This  special 
magnetic  mateiial,  which  is  easily  mold- 
ed on  automatic  machines,  was  devel- 
opi'd  h\  RCA  Laboratories  Division 
along  with  eijuipmcnt  for  rapidly  stamp- 


itig  and  testing  the  individual  cores. 

The  magnetic  material  of  the  cores  is 
such  that  when  there  is  an  electric  cur- 
rent of  a  certain  intensity  flowing 
through  the  two  intersecting  wires  a 
core  will  switch  its  magnetic  polaritv 
from  positive  to  negative,  or  negative  to 
positive,  depending  upon  the  direction 
of  the  current. 

Current  of  the  same  intensity  in  one 
wire  alone  is  not  enough  to  trip  the 
polarity.  Thus  only  when  currents  are 
flowing  in  both  wires,  will  the  core  at 
their  intersection  flip  into  opposite  po- 
laritv' (if  it  is  not  in  that  state  already) 
causing  the  core  to  "memorize"  one  bit 
of  information. 

Thus  by  applying  a  current  to  a  par- 
ticular horizontal  wire  and  a  particular 
vertical  wire  only  the  core  at  their  in- 
tersection may  be  tripped. 

Recalling,  or  reading  out,  informa- 
tion from  the  memory  is  also  accom- 
plished by  operating  on  one  core  at  a 
tiuH".  The  operation  is  so  fast  that  a 
hundred  thousand  hits  can  be  withdrawn 
in  a  second. 

The  core  to  be  interrogated  is  sub- 
jected to  pulses  along  its  two  intersect- 
ing wires.  If  the  core  is  tripped  into  op- 
posite polarity,  its  reversal  of  polarity 
creates  an  electrical  signal  in  a  wire  that 
runs  through  the  center  of  all  10,000 
cores.  If  it  is  not  tripped,  no  signal  ap- 
pears in  the  common  wire.  In  either 
cas;',  the  nature  of  the  bit  of  informa- 
tion it  contains  is  determined,  (if  the 
core  is  flipped  in  reading  out,  it  is  auto- 
mntically    returned    to   its   original   state 


Dr.  Jan  A.  Rajchman,  RCA  physicist,  examines  the  10,000  tiny  magnetic 
cores  that  "memorize"  in  a  few  millionths  of  a  second  information  used 
in  electronic  computers. 
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AIR  MUSCLE... 

Properly  compressed  and  coupled  to  this  drilling 
tool,  air  packs  a  rock-busting  wallop.  How  differ- 
ent from  the  days  when  men  slung  sledges,  and 
even  cracking  pavement  was  a  slow,  tortuous  task 
...  as  were  many  other  manual  jobs  in  industry. 

MIND  OVER  MUSCLE... 

When  men  of  science  learned  how  to  put  a  cyclone 
in  a  cylinder,  pneumatic  tools  and  compressed  air 
became  salient  servants  in  saving  men'.s  muscles 
and  industry's  time. 

In  its  more  than  two  hundred  applications  com- 
pressed air  cleans,  sprays,  operates  machines  for 
hoisting,  hauling,  hammering,  drilUng,  cutting, 
grinding,  blowing,  pumping.  Applied  in  free  or  en- 
closed action  this  versatile,  conveniently-convey- 
able  power  agent  may  be  found  at  work  in  mines 
and  mills,  on  highways  and  skyways,  on  and  under 
the  water,  in  production  and  processing. 

AMERICA  WORKS  LIKE  THAT... 

Uniquely  so.  For  here,  every  art,  every  science, 


every  branch  of  engineering  work  together  for  the 
good  of  all.  And  the  power  behind  their  progress 
is  America's  all-seeing,  all-hearing  and  reporting 
Inter-Communications  System. 

THE  AMERICAN  INTER-COM  SYSTEM... 

Complete  communication  is  the  function,  the 
unique  contribution  of  the  American  business 
press  ...  a  great  group  of  specially  edited  maga- 
zines devoted  to  the  specialized  work  areas  of  men 
who  want  to  manage  better,  design  better,  manufac- 
ture better,  research  better,  sell  better,  buy  better. 

COMMUNICATION  IS  OUR  BUSINESS... 

Many  of  the  textbooks  in  which  you  are  now  study- 
ing the  fundamentals  of  your  specialty  bear  the 
McGraw-Hill  imprint.  For  McGraw-Hill  Ls  the 
world's  largest  publisher  of  scientific  and  tech- 
nical works. 

After  you  leave  school,  you  will  want  to  keep 
abreast  of  developments  in  your  chosen  profession. 
Then  one  of  McGraw-Hill's  many  business  maga- 
zines wUl  provide  current  information  that  will 
help  you  in  your  job. 


McGRAW-HILL    PUBLISHING   COMPANY,   INC. 

11  II II      330  WEST  42nd   STREET,   NEW  YORK   36,  N.  Y. 
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Enlarged  view  of  a  section  of  a  new  magnetic  memory  device  developed 
by  Dr.  Jan  A.   Rajchman.  (Photos  courtesy  of  RCA) 


by  associati-il  i.'ircuits;  thus,  no  [HTiiia- 
iKMit  erasure  of  iuformatinn  need  take 
place.) 

The  basic  principles  behind  the  new- 
device,  which  is  formally  called  the 
"Myriabit  Magnetic  Core  Matrix 
Memory,"     were     incorporated     in     an 


earlier  experimental  memory  completed 
b\  Dr.  Rajchman  last  year  which  had 
sixteen  horizontal  and  vertical  wires, 
thus  a  storage  capacity  of  256  bits.  In 
summarizing  the  progress  his  research 
group  has  made  since,  he  said: 

"f'errospinel  magnetic  materials  with 


rectangular  hysteresis  loops  were  devel- 
oped in  the  middle  of  last  year.  By  the 
use  of  automatic  molding  and  testing 
machines  it  became  practical  to  envisage 
memories  with  capacities  in  tens  of 
thousands  of  bits.  The  basic  problems 
in  the  realization  of  such  memories  are 
the  switching  and  read-out  methods  by 
which  fast  random  access  can  be  ob- 
tained efficiently.  Successful  solutions  to 
these  problems  are  demonstrated  in  the 
experimental  10,1)1)0  bit  memory  report- 
e<i  in  this  paper. 

"Last  year,  on  the  basis  of  a  memory 
w  ith  256  bits,  we  predicted  that  in  the 
near  future  storage  capacities  of  thous- 
ands or  tens  of  thousands  would  be 
achieved  and  capacities  of  millions  in  a 
more  distant  future.  As  the  first  part 
of  this  prediction  is  now  realized  we 
venture  to  reiterate  the  second.  Of 
course,  this  will  require  great  innova- 
tions in  construction  techniques  and  still 
further  improvements  in  magnetic 
switching.  Hut  we  have  no  doubt  that 
memories  in  which  random  access  to 
millions  of  information  bits  in  a  few 
micro-seconds  will  be  available  at  a  rela- 
ti\e!y  low  cost. 

"This  will  usher  in  a  new  era  in  in- 
formation handling  systems  which  may 
have  profound  consequences,  not  only  in 
scientific  computations,  but  wherever 
complicated  or  repetitive  computations 
burden  our  lives." 


One  for  every  place — 
One  place  to  get  them  all 


Out  on  the  job  .  .  .  irrespective  of  your  engineering  role 
.  .  .  you'll  be  coming  to  grips  with  the  problem  of  elimi- 
nating wasteful  friction. 

You  can  look  to  SSS?"  for  the  practical  solution  to  anti- 
friction bearing  problems. 

S.y:.y  makes  all  of  these  eight  types  of  bearings  which 
serve  virtually  every  equipment  need.  Rely  on  SCSIF  for 
putting  the  right  bevring  in  the  right  place.  itu 

SKF*  INDUSTRIES,  INC.,  PHILADELPHIA  32,  PA. 
—  manufacturers  of  skf  and  hess-bright  bearings. 


Help  Wanted! 

The  Technograph  needs  men  and 
women  interested  in  gaining  experi- 
ence in: 

•  BUSINESS   PROCEDURES 

•  WRITING 

•  MAKE-UP 

•  ILLUSTRATIONS 

•  ADVERTISING 

•  PROMOTION 

Apply  at: 
THE  TECHNOGRAPH  OFFICE 
213   Civil    Engineering   Hall 
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•  When  you  join  ranks  with  Square  D, 
you  can  be  sure  you'll  get  complete,  indi- 
vidualized training  from  seasoned  men 
who  know  electrical  distribution  and  con- 
trol like  a  book.  Equally  important,  they 
know  how  to  pass  along  that  knowledge  in 
a  practical,  down-to-earth  way  you'll  like. 
•  Year  after  year.  Square  D  looks  to  the 
nine  schools  shown  above  for  electrical, 

MAIL  THE  COUPON  ^ 

We'd  like  to  send  you 

a  26-page  "get-acquainted"  brochure. 

It  tells  a  lot  about  Square  D, 

its  products,  services, 

markets  and  opportunities. 


mechanical,  industrial  and  general  engi- 
neering talent.  We're  proud  of  the  calibre 
of  men  we  employ,  train  and  advance. 
They're  the  kind  of  men  you'd  like  to  work 
with.  Why  not  let  us  tell  you  more  about  it? 


Square  D  Company,  Dept.  SA 
6060  Rivard  Street,  Detroit  II,  Michigan 

I'd  like  a  copy  of 

Square  D's  "Get-Acquainted"  brochure. 


Wr,m« 

ri/,.. 

City 

Zone             State    .. 

w^-  5QURRE  D  CDMPHNY 
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Inuring  the  past  s!.-\eral  \ear>  there 
has  been  an  ever-increasing  demand  tor 
engineers,  physicists,  chemists  and  otlier 
scientitically  trained  personnel,  while 
during  the  same  period  the  number  of 
graduates  in  these  scientitic  tields  has 
been  steadily  decreasing. 

This  demand  for  engineering  talent 
is  not  mereh  the  result  of  a  post-war 
boom,  but  rather  stems  from  a  combina- 
tion of  nian>-  deep-seated  circumstances 
permanently  coupled  to  our  modern  day, 
mechanically  minded,  society.  Much  has 
been  written  and  spoken  about  the  causes 
of  this  situation  and  its  future  effects 
on  the  life  of  the  nation.  Excerpts  from 
the  writings  and  addresses  of  some  of 
the  best  informed  anahsts  of  the  cur- 
rent situation   follow. 

Mr.  Carey  H.  Brown,  chairman,  en- 
gineering M  a  n  p  o  w  e  r  Commission, 
states:  "The  increasing  complexity  of 
our  industry  and  the  development  of 
new  technological  areas  such  as  atomic 
energy,  antibiotics,  jet  propulsion,  elec- 
tronics, etc.,  have  caused  a  definite  up- 
turn in  the  use  of  engineers  and  scien- 
tists quite  independent  of  military  mo- 
bilization. The  ratio  of  engineers  to 
direct  labor  has  been  increasing  steadily 
since  1890.  It  now  stands  (in  1951) 
at  about  16f)U  engineers  per  100, OOf) 
workers,  according  to  the  Bureau  of 
Labor  Statistics  and  there  is  no  sign 
\et  that  the  relationship  has  commenced 
to  level  off. 

"A  survey  in  June,  1951  of  tile  needs 
of  378  companies  and  governmental 
agencies  shows  that  about  80,000  engi- 
neers are  needed  now  exclusive  of  the 
needs  of  the  military.  The  urgent  need 
for  engineers  cannot  be  met  through 
the  current  sources  of  supply." 

Dr.  S.  C.  Hollister,  Dean  of  Kngi- 
neering,  Cornell  University,  writes: 
"During  the  past  50  years  our  popula- 
tion has  doubled.  Our  production,  how- 
ever, has  increased  four  and  three-quar- 
ters times  what  it  was  at  the  turn  of 
the  century.  Not  only  has  the  engineer 
made  possible  this  increase  in  production, 
he    has    had    profound    influence    upon 


Future  Demands  in  Engineering 

by  S.  H.  Pierce,  Associate  Dean,  College  of  Engineering,  and 
W.  E.  Miller,  Assistant  Dean,  College  of  Engineering 


traiisport.-itioii  ajul  comnunucation  as 
well. 

"It  is  expecteil  that  our  population 
in  the  next  25  years  will  increase  by 
20' ;.  This  will  affect  what  is  needed 
to  maintain  the  basic  econonu'  at  a  rea- 
Minable  le\el.  In  addition,  we  will  ha\e 
continuing  commitments  abroad  which 
must  be  cared  for,  where  in  many  places 
rising  populations  menace  the  economic 
balance. 

"The  present  status  of  engineering 
manpower  is  so  critical  in  the  nation's 
welfare  and  security  that  every  means 
available  should  be  utilized  to  make  ade- 
quate preparation  for  the  future. 

"There  is  a  wholly  inadequate  suppl\ 
of  engineering  graduates  to  meet  the 
ultra-conservative  estimate  of  the  need 
of  39,000  per  annum.  The  best  efforts 
at  increasing  interest  of  high  school 
graduates  may  add  4,000  to  5,000  to 
the  annual  graduates  in  engineering,  but 
not  before  1956.  With  the  addition  of 
5,000  in  1956  the  total  number  of  grad- 
uates would  only  be  22,000. 

"There  will  not  be  enough  graduates 
from  1953  to  at  least  1961  to  meet  the 
peacetime  need  as  conservatively  esti- 
mated by  the  Bureau  of  Labor  Statis- 
tics, at  30,000  per  year,  the  shortage 
being  at  least  20'v . 

"Whatever  the  militar\  requirements 
for  engineers  may  be,  the\'  are  not  avail- 
able except  by  taking  men  from  indus- 
try, thus  further  intensifying  the  needs 
of  industry.  The  first  step  toward  bring- 
ing need  and  supply  toward  better  agree- 
ment will  be  to  change  the  pattern  of 
utilization  through  spreading  the  engi- 
neer's work  over  a  greater  range  and 
thereby  lessening  the  need.  In  any  case, 
it  does  not  appear  that  by  an\'  present 
or  likely  pattern  of  utilization  or  avail- 
able source  of  supply,  the  need  and  sup- 
ply will  be  brought  into  balance  over 
the  next  decade." 

The  increasing  demand  for  engineer- 
ing graduates  is  directly  reflected  in  the 


number  of  industrial  companies  who 
have  visited  our  College  of  Engineering 
to  interview  our  students  over  the  past 
three  year  period  as  shown  in  the  fol- 
lowing table. 

In  addition  to  the  expansion  of  indus- 
tr\,  the  critical  shortage  of  engineers 
has  been  aggravated  greatly  by  such  fac- 
tors as  the  low  birth  rate  of  the  1930- 
1937  era,  demands  of  Selective  Service, 
and  lack  of  correct  public  information 
regarding  the  engineering  profession. 

Individual  calls  received  from  com- 
panies who  did  not  visit  our  campus 
over  and  above  those  represented  by  the 
above  figures  have  likewise  increased 
tremendously. 

From  the  following  enrollment  fig- 
ures of  our  College  of  Engineering,  in- 
cluding the  Nav\'  Pier  Branch,  as  well 
as  the  total  enrollment  of  the  149  engi- 
neering colleges  accredited  by  the  Engi- 
neer's Council  for  Professional  I)e\elop- 
ment,  it  appears  that  the  supph  of  engi- 
neering graduates  will  not  increase  ap- 
preciably until   1956. 


Enrollment  i 
College    of 

neering,    Un 
sitv   of   Illino 

uf  (Ictohcr, 

1  the 
ingi- 

1952 

Total    Enrollment 
of     149    Engineer 
ing  Colleges   Ac- 
credited   bv 
E.C.P.D.    as   of 
October,      1952 

Freshman 
Sophomore 
Junior 
Senior 

1,460 

652 
450 
445 

45,854 
26,636 
22,369 
23,453 

While  the  future  for  engineering 
graduates  appears  very  promising,  let  us 
inject  a  word  of  warning  in  closing. 
The  road  to  becoming  an  engineer  is  a 
rough  one  requiring  many  years  of  stren- 
uous study.  Even  after  graduation  the 
engineer  finds  sharp  competition  in  all 
fields  of  engineering  endeavor  requiring 
continued  stud\'.  Let  us,  therefore,  enter 
the  pursuit  of  an  engineering  education 
with  enthusiasm,  \owing  to  do  the  very 
best  job  possible  at  all  times. 


.School 
Year 


Vi: 


.Student 
Interview. 


1950-51 

1951-52 
1952-53 


264 

391 
427 


=1.031 
\6IS 
S,410 


Aver.    No. 

Interviews 

er   Conipanv 

Day 

Connpanies 
Cancelled    Be- 
cause   of    I,.nck 
of   Available 
Students 

No.   of 

Students 

(^iraduating 

at    B.    S. 

Level 

15.2 

not    avai 

able 

849 

11.^ 
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THE  BEST  YEARS  of  his  life  are  not  all  pasi,  fur  Tom 
Toman  (left)  of  Casper,  Wyoming.  Tom  retired  over 
five  years  ago  after  26  years  with  Standard  Oil.  He's 
here  shown  fisliing  on  the  North  Platte  River,  with 


his  son,  Rudy,  now  one  of  our  employees  at  Casper. 
Kvery  month  Tom  receives  retirement  income  pro- 
vided through  his  and  the  company's  contributions  to 
Standard  Oil's  retirement  plan  while  he  was  working. 


TESTED  WAYS  TO  BETTER  LIVING 


BETTER  LIVING  Can  begin  with  your  job.  The  fact 
that  19,900  employees  of  Standard  Oil  and  its 
subsidiary  companies  have  been  with  us  for  more  than 
10  years  is  evidence  of  that. 

What  do  all  these  people  find  in  their  jobs  that 
keeps  them  happy? 

Steady  work  at  good  pay  comes  first  to  mind.  But  in 
addition  to  being  assured  of  better-than-average  earn- 
ings with  a  growing  and  progressive  company.  Standard 
Oilers  can  work  with  the  company  toward  security  for 
themselves  and  their  families.  Employee  benefits  have 
been  steadily  improved  since  the  company's  first  retire- 
ment checks  were  mailed  to  Standard  Oilers  in  1903. 
Our  present  retirement  plan,  in  which  more  than  90';, 
of  our  eligible  employees  participate,  is  part  of  one  of 


the  broadest  employee  benefit  programs  in  any  ind  ustry. 

These  benefits  help  guard  against  financial  stress  in 
case  of  accident — on  or  off  the  job — or  sickness,  and 
bring  such  things  as  hospitalization,  regular  savings, 
and  stock  ownership  more  easily  within  reach. 

Every  job  here  is  important  in  some  way  to  every 
other  job,  too — so  that  all  our  51,000  employees,  pull- 
ing together,  help  make  Standard  Oil  an  even  better 
place  to  work. 

Finally,  when  you  know  that  your  efforts  are  impor- 
tant to  your  community  and  to  your  country,  you  can 
feel  you  not  only  make  a  good  living,  but  you're  living 

Standard  Oil  Company 

910  South  Michigan  Avenue,  Chicago  80,  Illinois 


DADDY'S  PROUD  — and  relieved.  Melvin 
Long  of  our  Champaign,  Illinois,  bulk  plant 
paid  a  large  part  of  the  expenses  of  daughter 
Patricia  Ann's  arrival  through  Standard 
Oil's  contributory  Group  Hospital  Expense 
and  Surgical  Operation  Insurance  Plan, 
which  covers  employees  and  their  imme- 
diate families. 


IT'S  NO  FUN  TO  BE  SICK— but  Lydia 
Wagener  and  her  visitor,  Sophie  Szkarlat, 
both  of  our  Detroit  office,  know  she  is  pro- 
tected under  Standard's  Sickness  and  Dis- 
ability Benefits  Plan,  and  its  Occupational 
lUness  and  Injury  Plan.  Employees  receive 
substantial  payments  in  emergencies  caused 
by  sickness  or  injury  either  on  or  off  the  job. 


SAVINGS  PAY  OFF  double  at  Standard  Oil. 
Catherine  Lynch  and  Elizabeth  Faller  help 
issue  bonus  stock  certificates.  Under  our 
Savings  and  Stock  Bonus  Plan,  29,410  em- 
ployees have  bought  U.  S.  Savings  Bonds 
and  received,  in  turn,  shares  of  company 
stock  at  no  cost  to  become  stockholder- 
owners  of  Standard  Oil. 
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Atomic  Power  Generation 

by  Howie  Hadler,  Ag.  E.,  '55 


Nortl>  American  Aviation  lias  ilf- 
signcd  an  atomic  power  generator  and 
is  ready  to  build  a  pilot  plant  to  dem- 
onstrate and  study  the  production  of 
electrical  power  tor  industrial  and 
domestic  uses.  An  estimate  of  the  cost 
of  such  a  pilot  plant  is  $U),U(H).0()(). 

The  nuclear  reactor  designed  sped- 
ficall\    to  produce  electricity  w.is  diNcl- 


atomic  energy  reactor  to  produce  elec- 
tricity on  the  same  scale  as  con\enti()nal 
central  station  electrical  power  plants 
using  ordinary  fuel  or  water  power." 

The  proposed  pilot  plant  would  gen- 
erate about  S.OOd  kilowatts  of  electrical 
power,  enough  to  supply  2,()()()  average 
lionies  witli  electricity.  This  power  could 
he    utili/ed    lor  other   .itdniic   encrg\    rc- 


Dr.  Chauncey  Starr  describes  the  scale  model  of  a  proposed  pilot  plant 
for  generation  of  electrical  energy.  Looking  on  are  J.  L.  Atwood,  presi- 
dent of  North  American  Aviation,  and  J.  H.  Kindelberger.  (Photos  courtesy 
of  North  American  Air  Lines) 


opeii  under  contract  with  the  .Xtonu'c 
Energy  Commission. 

Certain  phases  of  the  design  are 
classified  as  restricted  data  under  the 
Atomic  Energy  Act.  The  plans  are 
available  for  inspection  through  the 
commission  by  all  persons  and  concerns 
cleared   for  access  to   restricted   data. 

A  scale  model  of  the  pilot  plant,  com- 
plete with  flashing  lights,  moving  con- 
trol rods  and  clicking  (iciger  counter, 
was  exhibited  as  an  example  of  the 
atomic  central  power  plant  of  the  fu- 
ture. The  model  was  built  in  the  com- 
pany's research  laboratories  at  Downey, 
California. 

The  purpose  of  the  pilot  plant  would 
be  to  demonstrate  and  stiuh  the  prac- 
tical and  economical  aspects  of  electrical 
power  prodviction  by  a  nuclear  reactor 
of  this  specific  design. 

"It  is  expected,"  said  j.  L.  Atwood, 
company  president,  "that  research  and 
experience  with  the  pilot  plant  will  re- 
sult   in    the    future    design    of    a    larger 
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search  to  he  ilone  at  the  site  of   leactor. 

Electrical  power  will   be  generated  in 

the    pilot    plant    from    the    tremendous 

ipiantity  of  heat  produced  by  the  atomii 


tission    proces 


This    heat 


NUCLEAR  REACTOR 


sorbed  by  a  liquid  metal  passing  through 
the  reactor  and  will  be  piped  into  an 
ordinary  water  boiler  to  produce  steam. 
The  steam  would  then  be  used  to  drive 
a  turbine  generator  combination  such 
as  those  used  by  coinentional  power 
plants  to  produce  electricit\. 

Externalh',  the  pilot  plant  would  re- 
semble an  ordinary  electrical  power 
plant,  except  for  lack  of  coal,  oil,  or 
other  similar  fuel  handling  equipment. 
I  rdike  the  present  con\cntional  installa- 
tions, there  would  he  ncj  smoke  or 
Inmes. 

I'.ngineering  for  construction  of  such 
an  atomic  plant  could  begin  iinmediate- 
h,  with  full  operatir)n  expected  in  about 
two  \ears. 

."Although  additional  scientists  and  en- 
gineers would  be  necessary  to  conduct 
special  research  and  investigation,  rou- 
tine operat:on  of  the  pilot  plant  would 
lequire  no  more  operating  personnel 
than  a  con\entional  plant  of  the  same 
capacity  and  wo\dd  be  equally  safe  to 
opeiatc.  Safety  would  be  achieved 
through  the  built-in  characteristics  of  the 
design  and  by  use  of  special  control  de- 
x'ices. 

While  the  cost  of  producing  electri- 
cit\'  fioni  atomic  fission  is  at  present 
higher  than  the  conventional  methods, 
through  research  with  such  a  pilot  plant 
more  nearly  competitive  methods  of 
power  production  from  atomic  energy 
are  expected  to  be  de\eloped.  In  areas 
where  fuels  such  as  coal,  oil,  gas  and 
water  power  are  not  economicalh  avail- 
able, atomic  power  plants  would  have  a 
distinct  advantage  over  con\entional  in- 
stallations. 

.As  an  example  of  the  amount  of 
power  obtainable  from  atomic  energ\. 
the  fission,  or  "burning,"  of  one  poiind 
of  fissionable  material,  such  as  uranium, 
is  roughly  equivalent  to  the  burning  of 
1,500  tons  of  coal.  By  burning  10 
pounds  of  fissionable  material  a  day  in 
a  reactor  power  plant,  electrical  power 
equal  to  the  ultimate  capacity  of  Hoover 
be    ab-       Ham  can  be  pro<luced. 


THE  TECHNOGRAPH 


Midget  with  the  giant  brain 


The 
Problem 


To  dcsig"  i>"l 
I'liild  a  computer 

for  airborne 
automatic  control 

systems  — with 
severe  restrictions 
imposed  on  size, 
weight  and  opera- 
tion under  extreme 

environmental 

conditions:  in 
slwrt.  a  computer 

that  would  be 

small,  simple, 

reliable, 

rugged— and  easy 

to  build 

and  maintain. 


At  Hughes  Research  and 

Development  Laboratories  this 
problem  was  examined  exhaus- 
tively, and  it  was  concluded  that 
a  digital  computer  offered  the  best 
means  for  satisfying  the  require- 
ments because  of  its  ability  to 
solve  complex  problems  accu- 
rately and  quickly. 

Because  the  requirements  of 
this  application  could  not  be  met 
by  existing  digital  computers, 
owing  to  their  large  size,  the 
following  developments  were 
undertaken: 

1.  Simplification  of  the  logical 
structure  of  the  computer  through 
the  use  of  a  mathematical  theory 
of  computer  design  based  on 
Boolean  algebra  — but  with  reten- 
tion of  the  operational  versatility 
of  a  general-purpose  computer. 

2.  Development  of  ingenious 
circuitry  to  utilize  the  new  logi- 
cal designs. 


One  of  the  subminiature  switching  circuits  from 
the  Hughes  airborne  electronic  digital  computer 
is  examined  by  Dr.  Eugene  M.  Grabbe  (right). 
Associate   Head,  Computer  Systems  Department, 
Advanced  Electronics  Laboratory,  and  Phil  A. 
Adamson  of  the  Technical  Staff,  Radar  Laboratory. 


3.  Achievement  of  minimum 
size  by  the  use  of  subminiature 
techniques,  including  germanium 
diodes,  subminiature  tubes,  and 
etched  circuits. 

4.  Employment  of  unitized  con- 
struction: plug-in  units  of  flip- 
flop  circuits  and  diode  networks. 

Need  for  subminiaturization, 
then,  was  a  governing  factor. 
Consequently,  entire  new  tech- 
niques for  making  things  not  only 
vastly  smaller,  but  at  the  same 
time  easier  to  build  and  service, 
were  developed  by  Hughes.  This 
is  a  continuing  process  and  there 
is  indication  of  even  more  signif- 
icant advancement  in  miniaturi- 
zation for  the  future. 

A  major  effort  at  Hughes  is  also 
devoted  to  adapting  electronic 
digital  computer  techniques  to 
business  data  processing  and  re- 
lated applications— destined  for 
far-reaching  peacetime  uses. 


ADDRESS:  Scientific  and  Engineering  Staff 


Hughes 

RESEARCH 

AND    DEVELOPMENT 

LABORATORIES 


ENGINEERS      AND      PHYSICISTS 


Activities  at  Hughes  in 
the  computer  field  are 
creating  some  new 
positions  in  the 
Laboratories.   Experience 
in  the  design  and 
application  of  electronic 
digital  computers  is 
desirable,  but  not 
essential.  Engineers  and 
physicists  with  back- 
grounds of  component 
development  or  system 
engineering  are  invited 
to  apply. 


Culver 

City. 

Los  A  ngeles 

County, 

California 
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edited  by  Tom  Brody,  M.  E.,  '56 


li\  mSb,  the  first  all  gas  turbine  sea- 
going commercial  vessel,  a  tanker  tdr 
British  Shell  Oil,  will  slide  down  the 
ways. 

Army  vehicles  powered  by  gas  tur- 
bines are  undergoing  road  tests.  The 
Air  Force  and  Xavy  have  gas  turbine- 
powered  electric  generators,  pumps, 
space  heaters,  and  air  coolers. 

In  regidar  freight  service  from  (len- 
eral  Electric  is  a  4,500  H.  P.  engine, 
which  is  undergoing  tests  for  use  as  a 
locomotive  power  plant.  Larger  units 
have  been  built  up  to  27,000  K.  W. 
These  units  have  been  built  for  Central 
Station  power  generation.  The  largest 
unit  of  this  type  is  in  Europe. 

L'nits  of  fifty  horse-power  and  lower 
are  big  producers  commercially  and  are 
readily  available  for  numerous  uses  from 
fire-fighting  to  helicopters  and   boats. 

Fast  spreading  industrial  use  of  elec- 
tronic equipment  was  highlighted  this 
month  by  the  opening  of  Du  Mont's 
Instrument  Division,  Clifton,  New  Jer- 
sey. It  was  pointed  out  that  the  cathode 
ray  oscillograph  is  one  of  the  most  flex- 
ible and  versatile  measuring  and  indica- 
tion devices.  Almost  any  form  of  energy, 
light,  .sound,  heat,  radio  waves,  and  me- 
chanical force  or  motion,  can  be  trans- 
formed into  electrical  energy  and  its 
variations  examined  on  a  cathode  ra\ 
screen.  Today,  cathode-ray  ocillographs 
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are  not  onl\  used  in  connection  with 
television,  radar,  guided  missals,  and 
atomic  energy  but  also  for  such  every- 
dav  jobs  as  studying  the  acoustics  of 
buildings,  the  elasticity  and  hardness  of 
metals,  the  colors  of  paints  and  textiles, 
the  performance  of  steam  engines,  and 
the  chemical  structure  of  molecules. 
These  are  good  examples  of  how  many 
industries  are  putting  a  technical  devel- 
opment to  work. 

A  balancing  machine  has  been  devel- 
oped that  will  detect  displacements  of 
0.0004  in  from  a  center  of  gravity.  The 
Cosa  Corporation,  New  York,  claims  it 
can  show  the  amount  and  location  of 
dynamic  and  static  unbalance  in  rotating 
parts  weighing  from  a  few  ounces  to 
over  100  tons.  It  uses  a  watt  meter  with 
electrical  measuring  that  uses  no  elec- 
tronic tubes  or  oscileographs. 

Caned  Motors  for  driving  hot  water 
circulating  pumps  for  nuclear  reactors 
are  being  de\eloped  by  Westinghouse 
Electric  Co.  The  sqm'rrel-cage  rotor  is 
contained  in  a  shrunk  bit  jacket  of  steel 
and  it  turns  within  a  stator  that  is  full\ 
enclosed  in  stainless  steel.  The  motor 
and  pump  are  integral  and  must  pass 
Xavy  Shock  and  breakage  tests.  A  small 
unit  has  been  operating  for  13,000  hours 
under  full   load   conditions. 

A  recent  survey  indicates  that  40'  ', 
of    the   jobs   performed    by   the   vaccum 


tubes  in  airborne  equipment  can  be  re- 
placed by  germanium  junction  type 
transistors.  The  L.  S.  Air  Force  pre- 
dicts that  such  transistors,  with  com- 
ponents miniaturized  to  match,  could 
reduce  airborne  equipment  1  ^  in  size 
and    1    4   in   weight. 


Engineers  are  studying  with  a  great 
deal  of  interest  the  recent  development 
of  a  new  fire  retardant  paint  that  is 
easily  applied  by  brush  or  spra\  and 
actually  stops  fire  from  spreading.  Be- 
cause every  drop  of  this  paint  is  claimed 
to  contain  a  mass  of  minute  "built-in  " 
fire  extinguishers,  this  oil  base  paint 
pours  out  carbon  dioxide  and  calcium 
chloride  which  smothers  fire  and  re- 
tards the  spread  of  flame  right  on  the 
surface. 

Continuing  studies  and  research  of 
fire  retardant  coatings  are  going  ahead 
in  pilot  plant  production  because  far 
more  important  than  preventing  prop- 
erty loss  is  the  great  savings  in  human 
life.  The  L  nited  States  Xavy  is  among 
those  showing  the  keenest  interest  and 
offering  the  largest  research  progress. 

Always  a  terror  filled  nightmare  to 
sea-faring  men,  fire  at  sea  proved  a 
more  than  adequate  impetus  for  studies 
many  years  ago,  but  World  War  II, 
and  more  recently  launching  and  land- 
ing fast  flying  jets  on  aircraft  car- 
riers supplied  the  tremendous  stimulus 
for  maintaining  even  greater  research 
into   fire   protective   coatings. 


If  you  are  one  who  worries  about 
women  drivers,  a  Michigan  professor 
has  just  discovered  that  the  Romans 
passed  a  law  in  205  B.  C.  prohibiting 
women    from  driving  chariots. 


All  eyes  were  on  her  curves  as  she 
approached.  Her  protruding  sheeted 
hyperbolas  were  so  round,  so  firm,  so 
fully  packed.  The  parabolic  motion  of 
her  bilateral  posterior  knocked  my 
inertia  into  a  spiral  of  Archimedes. 

Her  velocity,  her  lines,  her  rhomboid 
rear  made  me  couple  and  uncouple  my 
digits  with  an  accelerated  anxiety.  With 
her  straight  line  was  not  only  indeter- 
minate  but   a  geometrical   impossibility. 

She  was  mine,  torus,  axis,  and  base, 
and  everything  was  all  square  until  up- 
keep began  to  run  me  around  in  cubic 
curves.  I  was  forced  to  let  her  go  when 
I  found  the  second  derivative  of  the 
money  in  my  prismatic  wallet  to  be 
zero,  but  as  I  stood  and  watched  her 
move  away  in  simple  harmonic  motion, 
I  said  to  myself,  "That's  the  best  look- 
ing hot  rod  in  town." 

(The   Auburn    Engineer) 
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Whenever  fastening  problems  arise . . . 


Consider  ELASTIC  STOP  NUTS 


lOOK  FOR    ^r^^    THE  RED 
LOCKING   COLLAR 

It  Is  threadless  and  resilient.  Every  bolt  impresses 
'but  does  not  cut)  its  full  thread  contact  in  the 
Rfid  Elastic  Collar  to  fully  grip  the  bolt  threads. 
In  addition,  this  threading  action  properly  seats 
the  metal  threads  — and  eliminates  axial  play 
between  bolt  and  nut  threads.  All  Elastic  Stop 
Nuts— regardless  of  type  or  size— lock  in  posi- 
tion anywhere  on  a  bolt  or  stud,  maintain 
accurate  adjustments  and  seal  against  liquid 
seepage.  Vibration,  impact  or  stress  reversal 
does  not  disturb  prestressed  or  positioned  set- 
tings. 


Whenever  fastening  presents  a  problem  — ESNA  is  ready  with  a  quick 
answer.  More  than  3000  types  and  sizes  of  self-iocliing  vibration-proof 
fasteners— plus  the  "know-how"  of  ESNA  engineers— are  available  here 
at  ESNA. 

ESNA  has  long  been  known  as  "design  headquarters"  for  self-lock- 
ing fasteners.  Accepted  by  Army,  Navy  and  Air  Force,  virtually  every 
aircraft  built  in  the  past  decade  has  been  Elastic  Stop  Nut-equipped.  On 
the  railroads,  in  the  oil  fields,  on  automobiles  and  construction  equip- 
ment, Elastic  Stop  Nuts  manufactured  to  exacting  quality  control  stand- 
ards, are  doing  specialized  jobs  every  day. 

Be  familiar  with  the  design  help  ESN.\  offers.  Write  us  for  details 
on  Elastic  Stop  Nuts.  Elastic  Stop  Nut  Corporation  of  .\merica,  2330 
Vauxhall  Road,  Union,  N.  J. 


ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA 


nice 
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Thf  way  to  becoming  an  engineer  is 
rather  lengthy  and  arduous,  as  the  stu- 
dent and  prospective  engineer  will  soon 
discover  tor  hiniselt.  If  the  reader  hap- 
pens to  be  an  upperclassnian,  this  fact 
is  probabK  already  self-eviilent.  Mut 
the  rewards  and  satisfaction  obtained 
by  being  a  member  of  that  large  and 
varied  group — the  engineering  profes- 
sion— are  enough  to  offset  and  repay 
mail)  fold  the  difficulties,  time,  and  ef- 
fort expended  to  alight  at  the  doorstep 
of  industry  and  applied  science.  If  the 
person  is  one  who  really  belongs  to  the 
engineering  world — in  his  feelings  as 
well  as  mental  abilit\  and  ingenuity — 
then  he  will  be  happ\  ami  satisfied, 
which  is  everyone's  goal  in  life  if  he 
ponders  over  it  awhile. 

C^ne  may  easily  ask  as  to  what  there 
is  about  engineering  that  will  make  him 
content  to  be  one.  That  is  strictly  up 
to  the  individual's  tastes,  personality, 
and  interests.  Perhaps  it  would  be  wise 
to  attempt  to  define  engineering  or  to 
classify  that  himian  thinking  machine 
with  a  slide  rule.  With  the  aid  of  a 
dictionary,  one  can  observe  that  "engi- 
neer"   and    "ingeniiitv  "    come    from    the 


THE  MAN  WHO  IS 

HAPPY  IN  ENGINEERING 


same  Latin  word,  inginium.  meaning 
natural  ability  or  skill.  Then  in  this 
sense,  an  engineer  is  a  person  who  has 
the  natural  ability  to  perform  his  job 
ingeniously.  Such  ingenuity  was  illus- 
trated by  the  engineer  who,  when  faced 
with  the  problem  of  stringing  a  cable 
through  a  winding  pipe,  solved  his  prob- 
lem by  tying  a  piece  of  string  to  the 
tail  of  a  cat  and  coaxing  her  through 
the  pipe  by  a  blast  of  air  from  the  end 
of  the  pipe.  t)bviously  this  t.\pe  of  solu- 
tion isn't  common,  but  it  does  show  the 
open-niindedness  that  an  engineer  must 
have  when  he  hunts  for  an  answer  to 
a  practical  problem. 

In  the  modern  professional  sense,  a 
better  definition  is  this:  Engineering  is 
the  art  and  science  by  which  the  prop- 
erties of  nature  and  the  sources  of  power 
in  nature  are  made  useful  to  man.  In  a 
similar  maimer,  the  engineer  is  defined 
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by  tiiese  words:  An  engineer  is  a  per- 
son specifically  trained  and  experienced 
in  the  use  of  materials,  men,  and  money 
so  that  these  forces  are  put  to  the  serv- 
ice of  man. 

Because  most  problems  in  engineer- 
ing :ire  complex  ones,  a  precise  answer 
like  that  obtained  in  the  solution  of 
mathematical  problems  is  usually  not 
possible.  This  fact  has  given  rise  to  the 
familiar  "cut  and  try  "  or  empirical 
method  of  the  engineer  which  is  em- 
bodied in  this  step. 

From  this  statement  of  the  engineer's 
methods,  one  can  see  that  he  not  only 
thinks  analytically  but  also  works  sys- 
tematically. In  fact,  it  is  this  organized 
attack,  together  with  the  engineer's  men- 
tal integrity,  which  is  the  outstanding 
characteristic  of  engineering.  The  per- 
>ons  who  like  to  attempt  to  solve  prac- 
tical problems  analytically  and  systemati- 
cally, along  with  those  who  enjoy  using 
their  ingenuity  and  knowledge,  are  the 
ones  who  get  the  contentment  out  of 
their  work.  The\  are  happy  in  what  the\ 
are  doing. 

The  engineer  is  a  builder,  a  creator. 
To  be  sucessful  as  a  designer  and  build- 
er he  should  have  first,  the  desire  to 
create;  second,  the  ability  to  imagine, 
or  see  the  completed  structure  from  the 
plans  which  he  or  somebody  else  has 
made;  third,  sufficient  initiative  to  at- 
tack a  new  problem  by  himself  and  fol- 
low it  through  to  completion  without 
supervision;  fourth,  the  ability  to  do  a 
piece  of  work  thoroughly  and  accurate- 
ly. Those  with  these  aptitudes  will  find 
themselves  in  their  field  if  the\'  are  in 
engineering.  There  is  a  very  definite 
hoiv  and  ichy  in  engineering.  If  one  has 
this  scientific  curiosity,  engineering  is 
an  excellent  place  to  satisfy  it. 

The  application  of  science  and  tech- 
mque  and  the  creation  of  new  things  is 
invoKed  in  our  profession.  .After  a  per- 
son dreams  up  a  bridge,  a  road,  a  mod- 
ern industrial  machine,  or  a  building,  he 
has  the  satisfaction  of  knowing  he  has 
created  something.  There  is  nothing  in 
the  world  as  gratif\ing  after  a  long 
time  of  work  or  effort  as  to  know  that 
one  has  created  something  out  of  his 
own  mental  capacities. 

Even  if  a  certain  new  gadget  or  in- 
dustrial project  wasn't  merely  one  man's 
work,  but  the  combined  efforts  of  many, 
the  gratification  of  having  had  a  part 
in  the  designing,  creating,  or  overcoming 


obstacles  tiiat  came  up  during  the 
course  of  the  roiling,  is  often  rewar<l 
enough. 

The  world  looks  to  engineers,  and 
looks  up  to  them  in  this  Age  of  Science. 
They  have  designed  such  things  as  the 
Eiffel  Tower,  Boulder  Dam,  the  Hud- 
son Tunnel,  Chevrolets  and  Fords, 
B-29's,  safety  razors,  popsicles,  roller 
coasters,  washing  machines,  kiddie  cars, 
and  skyscrapers.  They  are  the  nucleus 
of  our  modern-day,  never-slow-down 
civilization.  They  cause  the  world  to 
continue  to  move  on  its  many  and  varied 
wheels,  pulleys,  wings,  rudders,  tracks, 
and  superhighways.  The  world  rises  by 
way  of  its  buildings,  spires,  observa- 
tories. Bell  X-l's,  V-2  rockets,  etc. — 
all  of  which  are  due  to  the  untiring  and 
unceasing  efforts  of  the  engineer.  The 
engineering  profe.ssion  holds  the  key  to 
the  world's  power  in  its  vital  control 
and  knowledge  of  atomic  bombs,  multi- 
fire,  auto-control  weapons,  ionosphere- 
flying  crafts,  electric  power  depots,  Die- 
sel-powered railroads,  steamships,  com- 
munications; in  its  in\ention  and  con- 
stant improvement  of  such  things  as 
electric  mixers,  light  switches,  televi- 
sion sets,  automobile  brakes,  cigarette 
lighters,  accurate  timepieces,  electronic 
bug  killers,  and  innumerable  other  neces- 
sary gadgets  in  this,  our  modern-day 
world.  These  and  similar  things  are 
either  directly,  or  perhaps  sometimes  in- 
directly, the  work  of  engineers,  without 
whom  our  present  structure  of  society 
would  collapse.  The  many  conveniences 
familiar  to  us  and  the  many  more  which 
will  be  evolved  in  the  ensuing  years  are 
being  developed  so  that  the  human  race 
will  find  it  unnecessary  to  spend  their 
time  with  such  medial  tasks  as  growing 
food  and  clothing,  building  fires,  and 
so  forth,  and  so  that  they  may  use  their 
time  contemplating  and  doing  the  deep- 
er things  of  life.  And  the  engineer  is 
the  one  who  develops  and  improves  the  > 
mechanical  side  of  our  culture  and  thus 
benefits  the  people  and  helps  to  make 
this  a  happier  world. 

If    you    are    the   t>pe    ot    person    who 
wishes  to  be  an  engineer  in  an\   of  the 
preceding  senses  of  such  a  creature;  if 
you    have    the    ambition    and    ability   to 
work   on   the   higher  echelon   of   the   in-      I 
tricate  mechanistic  and   vital   portion  of      j 
our  ci\ilization,  then  there  is  little  doubt      '! 
that  you  will  be  happy  in  the  profession 
of  engineers. 
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Can  you 


thro 


your  future 
Ijgh  this  Wih^o^Af  ? 


This  is  an  aluminum 
window,  one  of  four  million 
that  will  go  into 
buildings  in  1953.  Twenty- 
years  ago,  it  was  just  an  idea  in  the 
mind  of  an  Alcoa  development  engineer.  Ten 

years  ago,  only  a  few  thousand  were  made 
annually.  Now,  production  is  increasing 
at  the  rate  of  over  half  a  million  a  year. 
This  is  just  one  of  a  torrent  of  new  uses  for 

aluminum  which  means  that  Alcoa  must 
continue  to  expand.  Consider  the  opportunities 
for  you  if  you  choose  to  grow  with  us. 


What  can  this  mean 
as  a  career  for  you? 

This  is  a  production  chart  .  .  .  shows  the  millions  of 
pounds  of  aluminum  produced  by  Alcoa  each  year  be- 
tween 1935  and  1952.  Good  men  did  good  work  to 
create  this  record.  You  can  work  with  these  same  men, 
learn  from  them  and  qualify  yourself  for  continually 
developing  opportunities.  And  that  production  curve- 
is  still  rising,  we're  still  expanding,  and  opportunities 
for  young  men  joining  us  now  are  almost  limitless. 

Ever-expanding  Alcoa  needs  engineers,  metallurgists, 
and  technically  minded  "laymen"  for  production,  re- 
search and  sales  positions.  If  you  graduate  soon,  if  you 
want  to  be  with  a  dynamic  company  that's  "going 
places",  get  in  touch  with  us.  Benefits  are  many,  stability 
is  a  matter  of  proud  record,  opportunities  are  unlimited. 

For  more  facts,  consult  your  Placement  Director. 
Aluminum  Company  of  America,  Pittsburgh,  Peiina. 


A|coa 
Alumin 


ALUIVIINUM     COMPANY    OF   AMERICA 


OCTOBER,   1953 
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STYLISH  STEEL  BRIDGE 


edited  by  Paul  E.  LaViolette,  E.  E.,  '55 


Freed 01 II  ot  torm  pre\iousl\  a\ailablc 
only  with  concrete,  has  been  achieved 
with  steel  materials  in  a  bridge  span- 
ning the  Rio  Blanco  River  near  V^era- 
Crii/,.  Mexico. 

By  applying  welding  techniques,  Mex- 
ican engineer,  Cainlio  Piccone,  has  pro- 
jected a  span  with  slender  arch  ribs, 
free  of  cumbersome  bracitig.  The  struc- 
ture is  based  on  a  new  design  concep- 
tion by  Thomas  C.  Kavanagh,  head  of 
the  department  of  Civil  Engineering  of 
New  York  University's  College  of  En- 
gineering. 

The  ultra-modern  "basket  handle"  ef- 
fect is  heightened  by  the  use  of  color. 
Painters   have   daubed    the   curved    ribs 


orange  and  made  the  horizontal  tie- 
girders  cherry  red.  The  bridge  was 
opened  last  May  and  motorists  who  in- 
\ariably  stop  to  admire  the  striking 
architecture  on  their  first  trip  across 
tlie  span  have  created  a  minor  traffic 
problem. 

The  25()-foot  long,  all-welded  steel 
splayed-arch  highway  bridge  accommo- 
dates three  lane  sof  traffic.  The  arch 
ribs  arc  inclined  and  joined  at  the  cen- 
ter of  the  span.  The  resulting  space 
framework  produces  visually  interesting 
effects  from  different  angles. 

Unconventional  design  in  the  Rio 
Blanco  bridge  extends  also  to  the  floor- 
ing, where  a  diagonal  gridwork  of  floor 


beams  has  pro\ed  tar  more  economical 
than  usual  bridge  floor  system.  Its 
strength  and  safet\  factors  are  as  high 
as  conventional  constructions. 

Dr.  Kavanagh's  original  design  con- 
ception won  an  award  in  the  19S1  pro- 
fessional bridge  design  competition 
sponsored  b\'  The  Lincoln  .Arc  Welding 
P'oun<lation  of  Cleveland.  Ohio. 
Through  the  award,  Mr.  Piccone 
learned  of  Dr.  Kavanagh's  design. 

The  Rio  Blanco  span,  part  of  the 
Mexican  federal  highway  s\stem,  was 
constructed  under  the  direction  of  the 
Papaloapan  Commission.  Contractors 
and  fabricators  were  the  firm  of  Estruc- 
turas,  S.  de  R.  L.,  of  Monterrey. 
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says  LOWELL  E.  ACKMANN 

iiiiher.sily  uf  Illinois— B.S.,  E.E.—  I944 
and  now  manager,  Peoria,  III.,  Branch  Office 


"ly  /fy  EXPERIENCE  with  machinery  in 
IVJ.  the  Navy  during  the  war  convinced 
me  I  needed  a  training  course.  There  was 
so  much  equipment  on  board  that  was  a 
complete  myster\  to  me  that  I  became 
very  'training-course  minded". 

"After  investigating  many  training 
courses,  the  one  at  Allis-Chalmers  looked 
best  to  me  then — and  still  does. 

"In  my  opinion,  the  variety  of  equip- 
ment is  what  makes  Allis-Chalmers  such 
a  good  training  spot. 

"No  matter  what  industrv  you  may  be 
interested  in,  Allis-Chalmers  makes  im- 


portant, specialized  equipment  for  that 
industry.  Electric  power,  steel,  cement, 
paper,  rock  products,  and  flour  milling 
industries — to  name  a  few,  are  big  users 
of  A-C  equipment. 

"Before  starting  on  the  Allis-Chalmers 
Graduate  Training  Course,  I  thought  I 
would  like  selling,  preferably  technical 
selling  but,  as  is  often  the  case,  I  didn't 
knovN  for  sure.  This  course,  together  with 
some  personal  guidance,  helped  mc  make 
up  my  mind.  That,  too,  is  an  important 
advantage  of  the  GTC  program. 

"But  whether  you  want  to  be  a  salesman 


Facts  You  Should  Know  About  the 
Allis-Chalmers  Graduate  Training  Course 

1.  It's  well  established,  having   been      mills,  crushers,  vibrating  screens,  rccti- 

started  in  1904.  A  large  percentage  of      fiers,  induction  and  dielectric  heaters, 

the  management  group  are  graduates       grain  mills,  sifters,  etc. 

of  the  course.  ,     .,..,, 

5.  He  will  have  individual  attention 

2.  The  course  offers  a  maximum  of  24  .,nj  „ujdance  in  working  out  his  train- 
months'  training.  Length  and  type  of      jp„  program 

training  is  individually  planned. 

3.  The  graduate  engineer  may  choose  ^-  The  program  has  as  its  objective  the 
the  kind  of  work  he  wants  to  do:  design,  "S^'  P^  fo'  the  nght  man.  As  he  gets 
engineering,  research,  production,  sales,  experience  in  different  training  loca- 
erection,  service,  etc.  "°"^  ^'^  '^^"  ^'"^■'  "'^  course  of  training 

to  match  changing  interests. 

4.  He  may  choose  the  kind  of  power,  "    " 

processing,   specialized   equipment   or  7.  For  information  watch  for  the  Allis- 

industrial  apparatus  with  which  he  will  Chalmers  representative  visiting  your 

work,    such    as:   steam   or   hydraulic,  campus,  or  call  an  Allis-Chalmers  dis- 

turbo-generators,  circuit  breakers,  unit  trict  office,  or  write  Graduate  Training 

substations,  transformers,  motors,  con-  Section,  Allis-Chalmers,  Milwaukee  I, 

trol.  pumps,  kilns,  coolers,  rod  and  ball  Wisconsin. 

ALLIS-CHALMERS 


or  designer,  production  engineer,  or  re- 
search engineer,  Allis-Chalmers,  with  its 
wide  variety  of  equipment  and  jobs,  is  an 
ideal  place  to  get  off  to  a  good  start — 
without  wasting  time." 


PROCESSING— Allis-Chjlnicrs  hmli  sol- 
\ente\traction  plant  processes  one  hundred 
tons  of  nee  bran  per  day  at  oil  processing 
plant  in  Texas. 


POWER — Models  slio\'.  comparative  size 
of  generators  having  the  same  rating  with 
and  withoul  super-charged  hydrogen  cool- 
ing. Allis-Chalmers  is  first  to  supply  super- 
charged hydrogen  cooling. 
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On  the  Banks  of  the 
Boneyard 


by  Martin  Goldstein,  Chem.  E.,  '55 


Dear   Freshman. 

You  have  heen  welconicd  and  guided, 
told  where  to  go  and  where  not  to  go 
so  nianv  times  in  this  issue  that  it  would 
he  worthK'ss  to  try  that  old  story  again, 
hut  I'm  going  to  anyway— in  a  differ- 
ent torm.  . 

^'ou've  no  douht  seen  the  heautitui 
little  stream  that  flows  approximately 
through  the  middle  of  the  engineering 
campus.  Well,  this  landmark  will,  in 
your  four  years  on  campus,  become 
closer  to  vou  than  your  slide  rule.  It 
is  a  mark  of  distinction,  one  of  the 
many  things  that  sets  the  engineer  off 
from  the  other  people  on  this  campus 
who  call  and  actually  consider  them- 
selves students.  This  stream  is  known 
as    the    Boneyard.    This    is    where    the 


column  ■■()»  Th.  Brinks  Of  Th,  Bom- 
yurd"  gets  its  name.  It  is,  we  believe, 
a  fitting  title  for  a  column  of  our  en- 
gineering  college   magazine. 

The  engineer  at  the  l'.  of  I.  has 
much  to  be  proud  of.  He  has  the  only 
college  council  on  the  campus  which 
sponsors  a  major  dance  every  year,  'I  he 
St.  Pat's  Ball.  As  you've  probably 
guessed,  this  dance  is  held  as  near  to 
St.  Patrick's  Day  as  is  practical.  Per- 
haps you're  in  the  dark  as  to  why  the 
engineers  have  associated  themselves 
with  St.  Patrick  who  converted  Ireland 
during  his  lifetime.  I  must  admit  that 
this  completely  baffled  me  two  years 
ago. 

It   seems   that   in    lOO,-)    a   tew   of   the 
engineering  students  at  the  University  of 


Missouri    "discovered   by   a   revelation 
that  St.  Pat  was  in  reality  an  engineer. 
Thev    celebrated    St.    Pat's    Day    that 
year    by    cutting    all    their    classes    and 
several    other    frowned    upon    activities. 
A   few  of  the  more  active  members  of 
the   plan    found    they   would    be   absent 
from    their    classes    quite    a    bit    longer 
than  thev  had  expected.  However,  short- 
ly thereafter  the  college  recognized  this 
as  a  regular  engineering  event,  and  the 
idea  has  rapidlv    spread.   Each  year  one 
man    from   each   of   the  engineering  so- 
cieties  and    one    from    the    Tcchmigraph 
is    designated    as    a    Knight    of    St.    Pat, 
and  is  duly  honored  at  his  Ball. 

(Juite  recently  "historical  proof"  has 
been  found  to  bear  out  the  fact  that 
St.  Pat  was  an  engineer.  An  ancient 
document  dating  from  the  time  of  St. 
Pat  was  found  in  Ireland.  On  it  were 
the  words  "Erin  Go  Bragh."  With 
strictest  "accuracy  of  translation"  this 
means  "St.  Patrick  was  an  engineer." 
His  exactness  and  thoroughness  make 
St.  Pat  a  good  example  for  any  engin- 
eer. An  example  of  this  is  the  "exacting 
specifications"  to  which  the  churches 
in  his  time  were  built. 

The  council  also  sponsors  the  En- 
gineering Open  House  which  is  held 
very  near  to  St.  Pat's  Day.  This  event 
usually  draws  15  to  20  thousand  people 
each  year  during  its  two  day  sojourn. 
For  this  event  the  engineers  begin  plan- 
ning in  October  or  November  since  an 
event  that  require  sthe  work  of  3000 
people,  faculty  and  students,  and  at- 
tracts 18,000  spectators  requires  a  great 
deal    of    preparation. 

Your  mark  of  distinction  is,  of  course, 
your  slide  rule.  This  little  item  hanging 
from  your  belt  sets  you  apart  from  the 
rest  of  the  students.  It  can  come  in  very 
handy  in  emergencies — exams,  etc.,  so 
treat  it   right. 

As  a  last  comment,  I  would  like  to 
request  that  if  any  of  you  have  any 
journalistic  talents  whatsoever  please 
drop  around  to  the  office  and  talk  to 
one  of  us.  We'd  really  like  to  have  you, 
so  take  note  of  the  ad  on  this  page. 


•  LEROY*  Lettering  equipment  is  standard  in  drafting  roorns 
rvervwhere  No  special  skill  is  needed  for  perfect,  regular 
ret'eT:gTnd  sy°mb'ol  drawing.  There  are  LEROY  tennpates^n 
a  variety  of  alphabets  and  sizes,  as  well  as  for  elecMca  , 
welding?' map,  geological,  mathematical  and  other^^vmbo^ 
that  the  draftsman  needs. 

KEUFFEL  &  ESSER  CO. 

NEW  YORK  •    HOBOKEN,  N.  J. 

Chicogo  •  St.  Louis  •  Detroit  •  Sen  Froncisco  •  Los  Angeles  •  Montreal 


Keeping    up    with    your    neighbors    is 
lo    difficulty    in    these    days    of    picture 


It's  just  as  hard  to  find  a  needle  m 
a  girl  s  hands  today  as  in  a  haystack. 

Puffing  and  blowing,  the  \oung  man 
just  managed  to  get  on  the  platform  of 
the  last-  car  as  the  train  left  the  station. 

A  middle-aged  man  in  the  corner  eyed 
hull  with  scorn.  "When  I  was  your  age, 
nn  lad,"  he  said,  "I  could  run  half  a 
mile,  catch  a  train  by  the  skin  of  niy 
teeth,  and  yet  be  as  fresh  as  a  daisy." 

"Yes,"  gasped  the  young  fellow.  "But 
I  missed  this  one  at  the  last  station." 
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HOW  TO  DESIGN 

FOR  LOWER 
STRUCTURAL  COSTS 


WITH  today's  accent  on  cost, 
there  is  a  promising  future  for 
the  designer  who  can  simplify  struc- 
tural designs  to  save  steel  and  con- 
struction manhours.  Such  savings  are 
being  realized  every  day  by  the  use 
of  arc  welding  instead  of  riveting 
in  the  construction  of  all  types  of 
industrial  plants,  multi-story  build- 
ings and  bridges.  By  eliminating 
rivets  and  taking  advantage  of  rigid 
framing  and  continuous  beam  con- 
struction, welded  designs  help  to 
offset  the  rising  costs  in  labor  and 
materials. 

Shown  below  is  a  typical  example 
of  how  full  structural  continuity 
achieved  through  arc  welding  effect- 
ed savings  of  $22,000  in  the  con- 
struction of  an  87,000  square  foot 
process  warehouse.  Arc  welding 
actually  has  saved  1.68  pounds  of 
steel  per  square  foot.  At  §0.15  per 
pound  for  fabricated  steel,  the  sav- 
ing amounts  to  §22,000  over  the 
cost  of  steel  alone  had  riveted  design 
been  used. 

In  spite  of  the  rapid  progress 
made  in  the  construction  field  by 
the  welding  industry,  new  develop- 
ments are  taking  place  every  day 
which  are  of  prime  importance  to 
the  structural  engineering  graduate. 
Latest  information  on  welded  struc- 
tural designs  is  available  in  hand- 
books and  bulletins  simply  by  writ- 
ing to  The  Lincoln  Electric  Com- 
pany, Cleveland  17,  Ohio. 


Fig.  1.  Process  warehouse /or  the  Hale- 
Halsell  Grocery  Co.,  Tulsa,  Oklahom.i.  She 
250'  .V  350'  uith  Id'  cleur  height.  Contrac- 
tor: Tulsa  Rig  and  Reel  and  Manufacturing 
Co.  Consulting  Engineer:  David  R.  Graham 
O  Associates,  Tulsa,  Oklahoma. 

THE  LINCOLN  ELECTRIC  COMPANY 

CLEVELAND    17,   OHIO 

THE   WORLD'S   LARGEST  MANUFACTURER 

OF  ARC  WELDING   EQUIPMENT 

OCTOBER,   1953 


Where  will  YOU  be 


in  1964? 


That  depends  on  you— and  choosing  a  job  that  offers 
real  opportunity  after  graduation. 

The  Bell  System  offers  capable  engineers  career 
op|)ortunities  that  insure  tomorrow's  success.  Tre- 
mendous growth  of  the  nation's  communications, 
coupled  with  vast  new  technical  knowledge,  promise 
an  unlimited  future  in  this  challenging,  exciting  field. 
Ambitious  engineers  are  needed  at  once  for  all 
phases  of  telephone  work. 

You'll  like  the  Bell  System's  progressive  personnel 
policy,  too— good  wages  (  right  from  the  start !  I ,  ben- 
efit plan,  security,  paid  vacations,  etc. 

No  wonder  capable  men  remain  with  the  Bell 
System  almost  three  times  longer  than  with  other 
industries! 

For  full  (lelails  — 

ATTEND  THE   ONE   HOUR   GROUP   MEETING 

Room  319.  Civil  Engineering  Hall 
No\ ember  2nd.  7:.'i()  ]).ni. 

INDIVIDUAL   INTERVIEWS 

November  3rd  and  4th 

Call  at  Placement  Office  for  appointment 

and  other  information 

Bell  System  operating  companies,  including— 

Illinois   Bell   Telephone   Co. 

.Michigan   Bell  Telephone  Co. 

Wisconsin   Telephone   Co. 

American  Telephone   &   Telegraph  Co. 

Sandia  Corp.  ( Atomic  Research  Project) 

Western    Electric   Co.    ( Manufacturing 

and   Field   Engineering  r)i\isions) 
Bell  Telephone  Laboratories 
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edited  by  Roger  Funk,  E.  E.,  '56 


"Clii'er  up,  olii  man.  Wliy  don't  \ou 
drown  your  sorrow?" 

"She's  stronger  than  1  am.  and  be- 
siiles.  it'll   be  murder." 

On  one  occasion  an  unusually  large 
crowd  gathered  to  listen  to  the  long 
list  of  candidates.  As  evening  approached 
the  crowd  began  drifting  away  until 
one  man  remained  in  the  audience.  The 
speaker  waxed  eloquent  and  when  he 
finished,  rushed  down,  shook  his  hand 
and  thanked  him  for  his  support.  "You 
don't  have  to  thank  me,  friend,  I'm 
the  next  speaker  on  this  program.  " 

A  merchant  took  out  a  fire  insurance 
policy  and  the  same  da\'  his  store  and 
contents  burned  to  the  ground.  The 
insurance  company  suspected  fraud,  but 
couliin't  prove  anything.  It  had  to  con- 
rent  itself  with  writing  the  following 
letfci  : 

"Dear  Sir:  \'ou  took  out  an 
insurance  policy  at  1(1  a.  m. 
and  your  fire  i]id  not  break 
out  until  3 :,?()  p.  m.  Will  nou 
kindly  explain  the  delay?" 
*        *       * 

A  fellow  w  a>  tr\ing  to  start  a  con- 
versation with  the  young  lady  who  sat 
next  to  him  at  the  table.  "Do  nou  like 
Kipling?"  he  asked. 

The  young  lady  giggled  and  tlu-ii  le- 
plied,  "I  don't  know.  How  do  \i)u 
kipple?" 


Composing  a  letter  to  the  president  of 
the  firm,  which  he  felt  he  so  ably  rep- 
resented, the  egotistical  young  salesman 
dictated  to  a  stenographer: 

"I  feel  that  you  should  know,  sir, 
that  in  order  to  obtain  the  above-men- 
tioned contract,  I  found  it  necessary  to 
employ  every  ounce  of  my  personal 
charm  and  magnetism,  my  diplomacy 
and  flawless  tact.  However,  1  am  now 
pleased  to  report  that  my  untiring  ef- 
forts were  crowned  with  success." 

Genth    the  steno  asked,   "Crowtation 
marks  <in  that  last  paragraph?" 
*        -*        * 

Pat  went  to  pay  his  respects  to  his 
friend  Mike,  who  had  passed  away  sud- 
denly. Standing  at  the  head  of  the 
casket,  with  Mike's  widow  alongside, 
Pat  remarked,  "Doesn't  he  look  wonder- 
fid  ?"  "Why  not?"  said  the  widow  with 
a  shrug,  "he  was  in  .Miami  all  winter!" 


A  woman  phoned  her  bank  to 
range  for  the  dispohal  of  a  thou 
dollar  bond. 

"Is  the  bond    for   redemption   en 
version?"   a  clerk  inquired. 

There    was    a    long    pause,    then 
woman    askeil :    "Am    I    talking   to 
First   National    Bank   or  the    First 
tist  Church?" 


The  thing  that  keeps  a  lot  of 
broke  isn't  the  wolf  at  the  door, 
the  silver   fox   in   the  window. 


the 

the 

Map- 


men 
but 


'How  far  were  you  from  the  scenf 
(it  the  crime  when  the  robbery  occiir- 
n-d  ?"  the  lawyer  asked  the  witness. 

"Twenty-three  feet  and  seven  inches," 
tin-  witness  replied. 

"How  do  \'ou  know  so  exactl\  ?  "  the 
^ul■prised   law\er  inquired. 

'\Vh\,  1  thought  some  darn  fool 
\\i>uld  ask  me  that  question,  so  I  meas- 
ured it." 

#        *        « 

The  5th  grade  was  having  a  geogra- 
phy lesson,  and  the  teacher  asked  Hobby 
a  question  about  the  Fnglish  Channel. 
"1  wouldn't  know  about  that  one,"  the 
little  boy  shook  his  head  doubtfully. 
"We  only  get  one  channel  on   our  TV 


At  a  dinner  in  Washington  a  noted 
man  of  letters  was  seated  next  to  the 
\oung  daughter  of  a  naval  officer.  Her 
vocabulary  was  rather  limited,  but  the 
turnover  was  amazing.  "I'm  awfully 
stuck  on  this  guy  Shakespeare,"  she  con- 
fided. "I  think  he's  tops.  He's  a  wonder 
boy  don't  you  think?" 

"Yes,"  agreed  the  scholar  solemnly. 
"I  do  think  he's  interesting;  in  fact,  I 
think  Shakespeare  is  just  simply  too 
cute  for  anything." 

If  a  lot  of  other  people  who  haven't 
been  worr\ing  about  things  in  general 
don't   start   pretty  soon,   we're   going   to 

quit,   too. 

*  a        * 

"Now,  boys,"  said  the  Sunday  School 
teacher,  "if  we  are  good  while  on  earth, 
when  we  die  we  will  go  to  a  place  of 
everlasting  bliss.  Hut  suppose  we  are  bad 
what  will  become  of  us?" 

"We'll  go  to  the  place  of  everlasting 
blisters,"  answered  a  small  boy  at  the 
bottom  of  the  class. 

"Henry,  dear,"  complained  the  little 
woman,  "I've  noticed  lately  that  your 
kisses  are  getting  colder." 

"Nonsense,  darling,"  rejoined  the 
wily  Henry.  "You've  simply  been  get- 
ting \oiir  cosmetics  on  a  bit  thicker." 

*  *        * 

A  \oung  hojieful  wrote  his  first  novel 
and  submitted  it  to  a  great  publishing 
house.  He  called  it  "Why  Am  I  Liv- 
ing?" In  a  few  days  he  received  the  fol- 
lowing message  from  the  publisher: 
"I  ruler  separate  cover  I  am  returning 
\our  no\el  "Why  Am  I  Living?"  The 
answer  to  that  is  simple.  Hecause  you 
didn't  bring  it  in  personally.  " 

The  Negro  woman  stated  she  had 
tour  children,  and  the  Florida  census 
taker  asked  for  their  ages. 

Violet:  "Ah  don't  zackly  remembah, 
but  ah's  got  one  lap  chile,  one  floor 
creeper,  one  porch  chile,  and  one  yard 
\oungun." 
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USS  CARILLOY  .I,,!,!,:  I  ur  iiai. :._  .lircraf  t 
quality  slecl  meets  every  reiiuiremcnt  for 
these  vital  parts.  The  precision  raacliiiiing 
and  expert  heat  treatment  it  gets  at  Cleve- 
land Pneumatic  Tool  Company  complete 
the  job. 


#  "Reduced  to  the  most  favorable 
degree"  describes  exactly  what  hap- 
pens to  the  huge  USS  Carilloy 
steel  ingots  from  which  are  formed 
the  rugged  main  columns  in  the  land- 
ing gears  of  every  B-36. 

To  provide  the  tremendous 
strength  and  shock  resistance  re- 
(|uired  to  safely  cushion  the  landing 
impact  of  179  tons  of  bomber  weight 
— and,  at  the  same  time,  to  keep 
the  weight  of  the  landing  gear  as  low 
as  possible — calls  not  only  for  steel 
of  the  highest  quality  but  also  for 
unusual  procedures  in  fabrication  as 
well. 

Consider  these  facts.  The  original 
ingot  weighs  approximately  37,500 
lbs.  From  it  are  produced  two  cylin- 
drical columns  weighing  only  about 
1200  lbs.  apiece.  Approximately  93' c 
of  the  steel  is  removed  by  machining 
to  proper  contour  and  in  hollow- 
boring  the  column.  When  finished,  a 


mere  7  Vo  of  the  original  ingot  is  left 
to  do  the  job. 

That  USS  Carilloy  steel  has 
been  exclusively  selected  for  this  ap- 
pUcation — one  of  the  most  exacting 
in  the  aircraft  industry — is,  we  be- 
lieve, highly  significant.  The  same 
care  and  skiU,  the  same  ability  to 
meet  requirements  that  are  beyond 
the  ordinary,  go  into  every  order  of 
Carilloy  steel  we  make — whether 
it's  an  ingot  of  giant  size  or  a  few 
tons  of  special  steel. 

USS  Carilloy  is  just  one  more 
example  of  the  better  steel  products 
developed  and  produced  by  United 
States  Steel.  If  you  are  interested  in 
additional  engineering  training,  why 
not  investigate  your  opportunities 
with  U.  S.  Steel?  For  more  informa- 
tion, contact  the  Placement  Direc- 
tor of  your  school,  or  write  to  United 
States  Steel  Corporation,  525  Wil- 
liam Penn  Place,  Pittsburgh  30,  Pa. 
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our  cover 

This  month's  cover  depicts  several  aspects  of  present  rocket 
development.  Shown  in  thhe  sky  are  a  Douglas  D-558  and  a 
V-2  rocket.  In  the  lower  right  hand  corner  is  a  proposed  travel 
to  the  moon  and  return.  The  overlay  is  an  automatic  control 
panel  for  a  rocket  with  a  fap3  recorder  automatically  recording 
flight  information.  The  cover  is  by  Dave  Templeton. 

our  frontispiece 

The  gas  turbine,  a  versatile  new  source  of  power  for  indus- 
try, is  now  being  successfully  used  to  pump  natural  gas  through 
pipelines.  A  5,000  hp.  two-shaft,  regenerative  cycle,  gas  turbine 
is  shown  being  assembled  for  the  El  Paso  Natural  Gas  Company. 
(Cut  courtesy  General  Electric) 


Rocket  Development 


by  Tom  Hoffman,  Arch.E.  '55 


Since  man  became  aware  of  his  sur- 
roundings he  has  looked  at  the  night 
sicy  and  wondered  about  the  stars.  Be- 
fore astronomy  developed  into  an  exact 
science,  man  resorted  to  superstition  and 
fable  to  explain  this  phenomenon.  The 
astronomer-priest  of  ancient  Hab\  Ion 
observing  the  night  sk)'  knew  that  the 
red  star  was  Mars  but  not  that  it  was 
the  next  planet  outside  the  orbit  of  the 
earth.  To  the  priest,  Mars  was  the 
abode  of  a  certain  god.  The  ancient 
Chinese  astronomer  recognized  differ- 
ent cycles  and  was  able  to  predict 
eclipses.  They  developed  several  astro- 
nomical instruments  to  help  them  in 
their  observations.  But  to  them  the 
woild  was  flat  and  the  sky  was  a  dome 
set  with   fixed  stars. 

As  the  civilizations  grew,  the  Earth 
was  theorized  as  a  sphere.  Heraclides, 
a  student  of  Plato,  argued  that  the 
Earth  was  the  center  of  the  Universe. 
Aristotle  agreed  with  this  belief  and  the 
Christian  teachers  accepted  it  a  thousand 
years  later.  Because  of  this,  astronomy 
had  its  biggest  set-back.  Anyone  who 
disagreed  with  the  Earth-centered  uni- 
verse was  accused  of  teaching  against 
the  Church. 

Nicholas  Copernicus  and  Johannes 
Kepler  provided  a  new  understanding 
of  the  solar  system,  (jalileo  (jalilei,  with 
his  homemade  telescope  observed  worlds 
in  the  solar  system.  Later,  Sir  Isaac 
Newton  broke  down  all  opposition  with 
his  laws  of  motion.  After  the  nature  of 
the  solar  system  was  explained,  a  whole 
literature  of  space  travel  began  to  de- 
velop. The  criticism  was  both  serious 
and  sarcastic,  but  the  important  fact 
was  that  men  dreamed  of  space  travel 
before  the  development  of  the  first  air- 
plane. 

It  is  to  Newton's  third  law.  "To 
e\ery  action  there  is  an  equal  and  op- 
posite reaction,"  that  we  owe  one  of 
the  most  far-reaching  advancements  in 
science — the  development  of  the  jet-re- 
action engine.  For  the  first  mention  of 
the  use  of  the  rocket  we  must  go  back 
to  the  ancient  Chinese.  It  has  been  said 
that  the  rocket  was  invented  in  China 
in  3()()()  B.C.,  but  the  oldest  date  found 
was  from  a  Chinese  Chronicle  from  the 
year   1220   A.D.   The   Greeks  made   use 
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of  flaming  projectiles  known  as  Cjreek 
Fire,  but  this  was  a  pure  incendiary  with- 
out explosive  materials.  Fireworks  were 
introduced  in  Einope  in  the  thirteenth 
century  but  by  the  fifteenth  century 
rockets  were  used  in  warfare,  taking  the 
pL'U'e  of  the  crude  cannon. 

Experiments  were  made  with  rockets, 
but  only  Colonel  William  Congre\e, 
M.A.,  at  Woolwich  Laboratory  in  Eng- 
land, was  successful.  When  Sir  Sidne\' 
Smith's  Expedition  set  out  against  Bou- 
logne,  Congreve   accompanied   him   with 


fm 


The  rockets  became  obsolete  at  the 
end  of  the  nineteenth  century.  They 
were  undependable,  inaccurate,  and  more 
often  dangerous  to  friends  than  enemies. 
In  its  place  stepped  the  rifled  bore, 
breech-loading  rifle,  and  the  Stokes 
motor. 

The  period  of  modern  rocket  research 
begins  with  the  work  of  Dr.  Robert  H. 
(ioddard,  of  Clark  University.  The  idea 
of  using  rockets  to  reach  great  altitudes 
and  even  interplanetary  flights  goes 
back   as  far  as   1660,   but   Dr.   Goddard 


Reinhold    Tiling    demonstrating    one    of    his    winged    rockets    at    Hanover, 
Germany. 


a  number  of  boats  fitted  for  rockets. 
Boulogne  was  bombarded  by  rockets  in 
1S06  and  was  forced  to  surrender  on 
No\ember  27th.  The  Congreve  rockets 
were  again  used  by  the  British  against 
Copenhagen  in  1806.  The  greater  part 
of  the  city  was  burned  to  the  ground,  set 
aflame  by  about  twenty-five  thousand 
rockets.  The  rockets  weighed  32  pounds 
each,  measured  three  feet,  six  inches 
long  and  four  inches  in  diameter.  Tiie\ 
were  made  of  metal  cases  with  a  stick 
fastened  to  the  side  to  serve  as  a  stabil- 
izing device. 


was  the  first  to  experiment  and  write 
scientific  work  on  the  subject.  Dr.  (jod- 
dard  had  the  idea  of  using  h\drogen 
and  oxygen  as  fuels  for  a  rocket  and 
the  construction  of  a  step-rocket  design 
in  1909.  He  put  his  theory  in  satisfac- 
tory form  in  1912  and  began  experi- 
ments about  1914.  His  first  tests  were 
made  by  solid-fuel  rockets,  but  by  1916 
he  had  reached  the  limit  of  his  own  re- 
st) mxes. 

In  an  attempt  to  secure  funds  for  his 
research,  he  submitted  a  paper  to  Dr. 
Charles    D.   \VaIcott,    then   secretar\-   of 


the  Smithsiiniaii  Institute.  'I'hc  liimK 
were  obtaiiieJ,  totaling  >1  1 ,()()(),  aiul  lus 
paper  was  published  iti  1')1S,  entitled  "A 
Method  ot  Reaching  Extreme  Alti- 
tudes," as  part  of  the  Smithsonian  Mis- 
cellaneous Collections,  Volume  Seven. 
Number  Two. 

The  main  reason  behind  (]oddard'> 
thinking  was  the  purpo.se  of  investigat- 
ing atmospheric  conditions  at  extreme 
altitudes.  The  importance  of  such  an 
in\'estigati()n  was  outlined   b\    (n)ddard: 

"The  greatest  altitude  at  which 
soundings  of  the  atmosphere  have  been 
made  by  balloons,  namely,  about  20 
miles,  is  but  a  small  fraction  of  the 
height  to  which  rlic  atmosphere  is  sup- 
poseil  to  extend.  Jii  t.ict,  tlie  most  in- 
teresting, and  in  some  wa\s  the  most 
important  part  of  the  atmosphere,  lies 
in  this  unexplored  region  a  means  of 
exploring  which  has,  up  to  the  present. 
not  seriously  been  suggested. 

".A  few  of  the  more  important  mat- 
ters to  lie  investigated  in  this  region 
are  tlie  following:  the  density,  chemical 
constitution,  and  temperature  of  tlie  at- 
mospliere,  as  well  as  the  height  to  wliicii 
it  extends.  Other  problems  are  the  na- 
ture of  the  aurora,  and  (with  appar- 
atus held  by  gyroscopes  in  a  fixed  di- 
rection in  space)  the  nature  of  the 
Alpha,  Beta,  and  Gamma  radio-active 
rays  from  matter  in  the  sun  as  well  as 
the  ultra-violet  spectrum  of  this  body." 

The  search  for  some  means  of  raising 
recording  instruments  to  the  upper  at- 
mosphere led  Dr.  Goddard  to  develop 
a  theory  of  rocket  action.  His  problem 
was  to  determine  the  minimum  amount 
of  fuel  needed  to  raise  a  one  pound  mass 
to  any  desired  altitude.  He  found  that 
a  small  mass  of  propellant  would  be 
necessary  if  the  gases  were  ejected  from 
the  rocket  at  high  velocity  and  provided 
that  most  of  the  rocket  consisted  of  the 
propellant  material.  Later  Dr.  Cjoddard 
estimated  that  it  would  require  1,000 
pmmds  of  gunpowder  to  send  a  weight 
of  one  pound  completely  away  from 
Earth.  But  a  liquified  mixture  of  hydro- 
gen and  oxygen  would  propel  the  same 
weight  with  only  4,i.t  poimds  of  fuel. 

.An  attempt  to  reduce  weight  led  to 
the  development  of  the  multiple-stage 
rocket.  This  is  a  series  of  projectiles. 
When  one  rocket  burns  out,  it  drops 
off,  relieving  the  main  projectile  of  its 
dead  weight  and  allowing  the  rocket  to 
increase  its  speed. 

Dr.  (joddard  proposed  sending  a  rock- 
et to  the  moon  carrying  a  load  of  flash 
powder  that  would  explode  to  mark  its 
arrival.  He  commented: 

"This  plan  of  sending  a  mass  ot  tlasii 
powder  to  the  surface  of  the  moon,  al- 
though a  matter  of  much  interest,  is 
not  of  obvious  scientific  importance." 

The  newspapers  seized  upon  the  idea 
of  sending  a  rocket  to  the  moon  and  ex- 
ploding   into   a   huge    flash.    Even    nore 


Dr.    Robert    H.    Goddard    with    one    of    the    rockets    he    launched    in    1932 
at  Mescalero  Ranch  near  Roswell,  N.M. 


important  to  the  newspapers  was  that 
this  idea  came  from  a  man  with  a  Ph.D., 
teaching  physics,  rather  than  some  half- 
mad  inventor,  and  that  the  Smithsonian 
Institute  was  backing  him. 

The  article  caused  some  comment 
from  the  critics  but  it  remained  un- 
known in  Europe  for  a  number  of  \ears. 
The  importance  of  the  book  was  not  im- 
mediately noticed  as  Europe,  in  1920, 
had  worries  of  war  and  political  upris- 
ings. And  in  happy  and  prosperous 
America  the  book  was  easily  overlooked. 

Critics  in  some  of  the  research  cir- 
cles accepted  the  fact  that  a  rocket  could 
operate  in  the  atmosphere  but  argued 
that  the  rocket,  while  in  space,  had 
nohing  to  push  against.  Dr.  Goddard, 
answered  his  critics  by  demonstrating 
that  a  revolver  fired  in  a  vacuum  had 
the  same  recoil  as  when  fired  in  the 
atmosphere. 

Dr.  Goddard   began  experiments  witli 


a  rocket  motor  in  a  vacuum  to  test  its 
operating  efficiency'.  He  constructed  a 
24  foot  tube  and  placed  the  rocket  with 
a  pressure  indicator  in  the  tube.  After 
pumping  out  the  air  the  rocket  was  ig- 
nited. The  test  showed  that  the  rocket 
did  not  depend  on  the  air  to  push  against 
and  that  it  exerted  20  per  cent  more 
lifting  power. 

With  grants  from  Clark  I  iii\ersity 
and  the  Smithsonian  Institute,  Dr.  (Jod- 
dard began  to  experiment  with  liquid 
fuels  for  rockets  in  1920.  After  some 
trials,  he  decided  that  the  best  fuel 
uoiild  be  a  combination  of  liquid  ox\- 
gen  and  gasoline.  This  data  gave  him 
a  basis  for  designing  a  rocket.  On  No- 
vember 1,  1923,  a  rocket  motor  was 
tested  in  a  proving  stand,  without  an 
attempt  to  fly,  using  liquid  oxygen  and 
gasoline  supplied  by  mechanical  fuel 
pumps.  The  test  was  promising,  but 
there   was   a   prnbleni   nf  supplying   fuel 
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to  the  combustion  chamber  fast  enough. 
In  December,  1925,  Dr.  Goddard  over- 
came this  difficulty  by  using  an  inert 
gas,  nitrogen,  under  pressure  to  force 
the  fuel  into  the  chamber. 

The  first  liquid-fuel  rocket  flight  in 
the  world  was  made  on  March  16, 
1926,  in  Auburn,  Massachusetts.  The 
rocket  was  10  feet  long  with  the  motor 
ahead  of  the  fuel  tank  connected  b\- 
spider)'  arms  which  carried  the  fuel 
lines.  It  was  ignited  by  a  blowtorch,  and 
the  gas  pressure  was  maintained  by  a 
small  alcohol  burner  within  the  rocket. 
The  rocket  rose  to  184  feet  in  2.5  sec- 
onds, making  a  speed  along  a  trajectory 
about  60  miles  per  hour.  The  historic 
flight  was  witnessed  by  only  Dr.  God- 
dard and  three  assistants.  Dr.  Goddard 
abandoned  the  idea  of  putting  the  motor 
ahead  of  the  fuel  tanks  in  favor  of 
rockets  with  the  motor  in  the  rear. 

On  July  17,  1929,  Dr.  Goddard  de- 
veloped a  rocket  to  carry  a  barometer 
and  a  small  camera  which  were  success- 
fully recovered.  It  was  a  large  rocket 
and  made  a  great  deal  of  noise.  The 
flight  was  witnessed  by  a  neighbor  some 
distance  away  who  mistook  the  rocket 
for  a  flaming  airplane  and  telephoned 
the  police.  A  few  were  certain  a  me- 
teor had  fallen.  The  majority  of  the 
newspapers  reported  that  Dr.  Goddard 
had  attempted  to  send  a  rocket  to  the 
moon  but  had  failed.  Others  claimed 
that  the  rocket  had  contained  tons  of 
explosives  and  his  intentions  were  to 
fly  to  Mars. 

The  publicity  resulted  in  interrupting 
the  work  for  several  months.  The  state 
fire  marshal  refused  to  gi\e  permission 
to  make  tests  on  state  propery.  With 
the  help  of  Dr.  Charles  G.  Abbot,  sec- 
retary of  the  Smithsonian  Institution, 
Dr.  (joddard  obtained  permission  to  use 
part  of  the  artillery  range  at  Camp 
Devens,  Massachusetts,  from  the  War 
Department.  Progress  was  made  with 
difficulty,  because  the  experiments  could 
only  be  made  when  snow  or  rain  cov- 
ered the  ground. 

In  1929,  Col.  Charles  A.  Lindbergh 
became  interested  and  brought  rocketry 
to  the  attention  of  Mr.  Daniel  Guggen- 
heim. The  result  was  a  grant  that  made 
possible  rocket  work  for  a  two  year 
period,  to  be  followed  by  an  additional 
two  years  if  the  members  of  an  advisory 
committee  was  satisfied  with  the  results. 
The  ad\isor\-  committee  was  as  follows: 
Dr.  John  C.  Merrian,  chairman;  Dr. 
C.  G.  Abbot;  Dr.  Walter  S.  Adams; 
Dr.  Wallace  W.  Atwood ;  Col.  Henr\ 
Hreckinridge;  Dr.  John  A.  Fleming; 
Col.  Charles  A.  Lindbergh;  Dr.  C.  F. 
Marvin;  and   Dr.   Robert  A.  Millikan. 

East  central  New  Mexico  was  select- 
ed because  of  clear  air,  few  storms,  mod- 
erate winds,  and  level  terrain.  The  re- 
search   group    moved    in    July,    1930    to 


Roswell  where  power  and  transporta- 
tion was  available. 

In  September,  1930,  a  shop,  the  60- 
foot  tower  previously  used  at  Camp 
Devens,  and  a  20-foot  tower  for  mak- 
ing static  tests,  were  erected.  During 
static  tests,  the  rocket  was  prevented 
from  rising  by  weights  so  that  the  lift 
and  performance  could  be  studied.  A 
concrete  gas  deflector  was  constructed 
to  direct  the  gases  away  from  the 
ro.'ket. 

The  combustion  chambers  constructed 
at  Clark  University  underwent  a  series 
of  thorough  tests  in  which  the  operating 
conditions  were  varied.  Modifications 
such  as  the  pressures  of  the  fuels,  pro- 
portions of  the  liquids,  and  size  and 
shape  of  the  chambers  were  added.  The 
motor  decided  upon  was  5  3  4  inches 
in  diameter  and  weighed  5  pounds.  It 
developed  a  maximum  lift  of  289  pounds 
and  operated  over  20  seconds.  The  vari- 
ation in  lift  was  steady,  being  within  5 
per  cent. 


V-2  rocket  carrying  a  WAC-Corpo- 
ral  which  reached  an  altitude  of 
250   miles  on   February   24,    1949. 


The  first  flight  test  made  was  on 
December  30,  1920,  with  a  rocket  11 
feet  long  and  weighing  33.5  pounds. 
The  rocket  rose  rapidly  from  the  tower, 
reaching  a  speed  of  80  miles  per  hour 
and  a  height  of  2000  feet  in  7  seconds. 
The  parachute  did  not  release,  and  the 
rocket  landed  about  1 000  feet  from  the 
tower. 

The  first  flight  with  gyroscopically 
controlled  vanes  was  obtained  on  April 
19,  1932.  The  method  of  stabilization 
consisted  in  forcing  vanes  into  the  blast 
of  the  rocket,  but  they  were  too  small 
to  produce  rapid  correction.  The  rocket 
rose  slowly  from  the  tower  and  landed 
5  seconds  later,  striking  the  ground  on 
its  side. 

In  May,  1932,  the  results  that  had 
been  obtained  were  placed  before  the 
advisory  committee  which  voted  to  rec- 
ommend the  two  additional  years  of  re- 
search;  but  because  of  the  death  of  Mr. 
D.  Guggenheim  and  the  economic  de- 
pression, it  was  impossible  to  continue 
work  in  New  Mexico. 

Dr.  Goddard  returned  to  full-time 
teaching  at  Clark  University  in  the 
fall  of  1932  and  worked  on  general 
problems  related  to  rockets.  Most  of  this 
work  was  made  possible  by  a  grant 
made  by  the  Smithsonian  Institution  in 
September,  1932,  and  a  grant  from  the 
Daniel  and  Florence  (juggenheim  Foun- 
dation. 

The  work  was  resumed  in  the  sum- 
mer of  1934  by  a  grant  from  the  Dan- 
iel and  Florence  Guggenheim  Founda- 
tion. This  came  at  an  opportune  time, 
because  the  work  in  the  laborator\'  had 
reached  a  point  where  it  could  not  go 
on  effectively  without  flight  perform- 
ance. 

Work  began  in  September,  1934, 
with  the  shop  put  in  order  and  tower 
equipment  replaced.  The  main  project 
was  to  de\elop  some  means  of  keeping 
the  rocket  on  its  course  by  automatic 
stabilization.  A  pendulum  stabilizer  was 
used  in  the  first  test  because  it  was 
more  easily  constructed  and  repaired 
than  a  gyroscope.  The  pendulum  stabil- 
izer could  correct  the  flight  for  the 
first  few  hundred  feet  where  the  acceler- 
ation is  small,  but  not  satisfactorily  when 
the  acceleration  is  large.  The  pendulum 
extends  in  a  direction  which  is  the  re- 
sultant of  acceleration  and  pull  of  grav- 
ity-, therefore,  remaining  \ertical  when 
the  rocket  is  inclined.  The  rocket  rose 
to  about  1000  feet,  then  leveling  nearly 
horizontal  until  the  end  of  the  flight. 
It  then  landed  9000  feet  from  the  tower 
tra\eling  at  700  miles  per  hour. 

On  March  25,  19.L5,  a  gyroscope 
controlled  flight  was  made.  The  gyro- 
scope was  set  to  operate  when  the  axis 
of  the  rocket  deviated  10  degrees  or 
more  from  the  vertical.  The  rocket  rose 
unsteadily,  but  then  went  into  a  smooth 
flat    trajectory.    This    showed    that    the 
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gyroscope  was  able  to  control  and  keep 
the  rocket  in  its  course.  The  rocket  rose 
to  a  height  of  4800  feet,  reaching  a 
speed  of   SS()  miles  per  iiour. 

No  attempt  was  made  in  these  flights 
to  reduce  the  weight  of  the  rocket, 
which  varied  from  58  to  85  pounds.  A 
reduction  of  weight  would  have  been 
useless  until  stabilization  could  be  main- 
tained. The  important  developments  that 
came  from  Dr.  (loddard's  work  between 
lQ30-l"-).^5  were  an  efficient  rocket 
niotor,  stabilization  that  would  operate 


/ 
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Viking    rocket   ready  for   launching 
at  White  Sands  proving   grounds. 

automatically   and   stuiK    of    rocket   per- 
formance in  flight. 

Professor  Herman  Oberth,  who  could 
be  ranked  with  Dr.  (loddard,  published 
the  first  edition  of  his  book.  Die  Ra- 
kete  zu  den  Plancteurauincn  (The 
Rocket  into  Planetary  Space),  in  1923. 
Dr.  Oberth  led  those  interested  in  rock- 
ets in  (lermany  and  suggested  several 
rocket  ideas  but  did  not  get  a  chance 
to  work  on  them  until  1929.  His  book 
was  divided  into  three  parts — the  first 


dealing  with  rocket  principles  and  the 
second  describing  a  rocket  for  upper- 
atmosphere  research.  The  third,  of  in- 
terest to  the  la\man,  discus.sed  prob- 
lems of  space  flight  and  described  the 
concept  of  a  space  station. 

Dr.  t)berth  proposed  to  send  a  rocket 
above  the  atmosphere  that  would  cir- 
cle the  Earth  continually  by  neutral- 
izing Earth's  gravit\  with  centrifugal 
force. 

In  the  fall  of  1928,  Fritz  Lang  of 
U.P'.A.  Film  Company,  called  Dr. 
Oberth  to  serve  as  technical  advisor  for 
the  film,  "Frau  im  Mond"  (The  Girl 
in  the  Moon).  An  agreement  was  made 
that  the  compan\  would  finance  a  rocket 
to  be  sent  into  the  air  on  the  premiere 
of  the  film.  The  agreement  did  not  hold, 
and  Lang  and  Oebtrth  spent  their 
money  for  the  experiments. 

Oberth  did  not  have  enough  time  for 
all  the  experiments,  and  when  the  film 
was  released,  his  rocket  did  not  material- 
ize. The  premiere  of  it  was  on  Octo- 
ber 15,  1929,  in  the  UFA  Palace  in 
Berlin.  Dr.  Oberth  did  develop  a  satis- 
factory motor  which  he  called  the  Ke- 
gelduse.  It  was  a  cone  shaped  motor, 
made  of  steel  with  a  copper  lining. 

Some  of  the  rocket  attempts  were 
doomed  to  prove  failures  such  as  ef- 
forts toward  propelling  vehicles.  Max 
Valier,  a  charter  member  of  the  V^erein 
fur  Baumschiffahrt  (The  (jerman  Rock- 
et Society),  interested  Fritz  von  Opel, 
the  German  car  manufacturer,  in  build- 
ing a  rocket  automobile.  Opel  was  im- 
pressed by  the  first  trials  and  arranged 
a  public  demonstration.  A  car  was  de- 
veloped that  carried  twelve  powder 
rockets  and  obtained  a  speed  of  70  miles 
per  hour  in  8  seconds. 

Opel  then  designed  a  streamlined  car 
with  stubby  wings  that  would  press  the 
lar  against  the  road.  Opel  demonstrated 
the  car  himself  on  the  Avus  Speedway 
near  Berlin  on  May  23,  1928,  reach- 
ing a  speed  of  125  miles  per  hoiu'.  As 
described  by  one  observer:  "The  Opel 
rcicket  auto  locks  like  a  nudtiple-bar- 
reled  piece  of  light  artillery  in  speedy 
retreat." 

The  main  problem  to  overcome  was 
to  prevent  the  metal  of  the  motor  from 
heating  up.  The  burning  temperature  of 
gunpowder  is  above  the  melting  point 
of  steel,  but  in  the  short  time  of  opera- 
tion no  immediate  harm  residted.  The 
one  solution  to  prevent  the  heating  of 
the  motor  was  by  cooling  it. 

Opel  went  on  to  develop  rocket  rail- 
road cars,  but  most  of  them  jumped  the 
tracks  and  were  destroyed. 

Later,  in  1920,  Max  Valier  was 
killed  while  working  on  a  car  which 
was  propelled  by  a  liquid  fuel  motor  for 
liquid  oxygen  and  gasoline.  He  was  the 
first  rocket  experimenter  to  give  his 
life  for  his  work.   V^alier  was  "idling" 


his  niotor  and  obser\ing  at  close  range 
when  the  motor  exploded  . 

Fritz  von  Opel  switched  to  rocket 
airplanes  and  made  the  first  successful 
flight  on  September  30,  1929,  at  Frank- 
fort, Germany.  The  glider  took  off 
from  a  rocket  propelled  car  on  a  track, 
reaching  a  speed  of  95  miles  per  hour 
in  75  seconds,  and  flew  for  I34  miles. 

The  first  rocket  flight  was  made  by 
l-'riendrich  Stamer  in  the  Rhon  Moun- 
tains of  Germany  on  June  1 1,  1928.  His 
glider,  Ente,  was  launched  by  a  catapult, 
and  then  the  rockets  were  fired.  The 
flight  covered  1500  yards  in  80  sec- 
onds. His  experiment  ended  in  an  ex- 
plosion of  a  rocket  and  the  burning  of 
his  glider. 

The  first  rocket  flight  in  the  United 
States  was  made  by  W.  G.  Swan  in 
1931  at  Atlantic  City,  New  Jersey. 
Swan  took  off  and  reached  an  altitude 
of  200  feet.  In  the  same  year,  in  Italy, 
Lttore  Cattaneo  made  a  successful  rock- 
et flight  covering  a  mile  in  30  seconds. 

From  these  tests,  the  results  showed 
that  the  rocket  applied  to  the  airplane 
was  useful  only  when  speeds  for  a  short 
period  were  necessary.  A  rocket  applied 
to  the  practical  motor  car  was  limited 
to  speeds  of  100  miles  per  hour,  due 
to  the  air  resistance.  The  rocket  was 
forced  to  be  viewed  as  an  instrument 
for  other  than  terrestrial  transportation. 

In  New  Mexico,  Dr.  Goddard  con- 
tinued his  experiments  with  rockets. 
Tests  were  made  to  de\elop  a  more 
powerful  motor  that  operated  on  liquid 
nitrogen.  Part  of  his  experiments  con- 
sisted of  the  development  of  light  weight 
fuel  pumps  that  inject  fuel  rapidly  into 
the  rocket  motor.  The  approaching 
World  War  II  terminated  the  work  and 
Dr.  Goddard  accepted  applications  to 
work  on  war  rockets  for  the  Army  and 
Navy.  The  physicist  had  planned  to 
return  to  New  Mexico  immediately 
after  the  war  to  work  on  high  altitude 
rockets.  His  death  on  August  10,  1945, 
brought  to  an  end  the  most  important 
career  in  science.  But  Goddard  lived 
long  enough  to  see  his  dream  materialize 
into  one  of  the  most  significant  fields 
of  engineering. 

In  1940,  the  United  States  began  to 
experiment  with  the  rocket  as  a  weapon 
of  war.  Most  of  the  rockets  developed 
were  fin-stabilized  such  as  the  bazooka 
rockets.  Bombardment  rockets  were  de- 
veloped for  launching  from  tubes  under 
the  wings  of  fighter  planes  and  from 
tanks  on  the  ground.  Anti-submarine 
rockets  were  developed  by  the  British 
and  improved  by  the  United  States  and 
known  as  the  "hedgehog."  Twenty-four 
of  these  rockets  were  fired  from  a  ship 
to  the  approximate  location  of  a  sub- 
marine. The  rockets  sank  head  down 
and  exploded  only  when  direct  contact 
with  the  submarine  was  made. 

The   extensive    research    bv   the    Ger- 
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mans  during  World  War  II  led  to  the 
successful  launching  of  the  A-4  ( known 
as  the  V-2)  on  October  2,  1942.  The 
A-4  was  a  fin-stabilized  rocket,  46  feet, 
I  1  inches  in  length,  weighing  28,229 
pounds.  The  first  V-2  to  bombard  Lon- 
don was  fired  on  September  8,  1944. 
On  June  12,  1944,  (Germans  launched 
the  first  fhing  bomb  against  the  Bri- 
tish called  the  \'-l.  The  average  range 
of  the  \'-l  was  1  T(l  miles  and  it  was 
capable  of  accelerating  to  a  speed  of 
about  36t)  miles  per  hour.  7488  V^-I's 
were  reported  launched,  while  about 
32'/^   reached  their  target. 

Dr.  Wernher  von  Braun,  who  co- 
designed  the  V-2  and  is  now  working 
for  the  U.  S.  Army,  believes  that  it  is 
possible  now  to  construct  a  satellite  space 
station  from  which  a  trip  to  the  moon 
and  the  other  planets  could  be  made. 
From  the  station,  all  portions  of  the 
Earth  could  be  observed  except  that  re- 
gion above  the  Arctic  circle  and  below 
the  Antarctic  circle.  Such  a  station 
would  be  valuable  for  observations  of 
the  Earth  and  the  outer  reaches  of  the 
Universe.  The  most  important  aspect 
is  that  it  could  .serve  as  a  refueling  base 
for  a  rocket  ship  enroute  to  the  neigh- 
boring planets. 

.Many  people  who  do  not  know  tile 
importance  of  the  rocket  will  ask,  "Of 
what  use  is  it?"  Michael  Faraday,  when 
working  on  electricity  said  to  a  woman 
who  asked  him  what  use  was  electricity, 


Explosion   of   an   early  experimental    moil    rocket   in    England 


replied  with  the  question,  "Ot  what  use 
is  a  new  born  baby?"  With  the  rapid 
development  of  the  rocket  today,  the 
world  will  see  the  first  manned  space 
ship  on  the  moon  within  the  next  few 


>ears.  After  this  fiigiit,  the  conquest  of 
the  solar  system  will  begin.  To  think 
and  plan  for  interplanetary  travel  is  no 
more  out  of  place  than  what  has  been 
done  in  aviation  within  the  last  50  years. 
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Problem  .  .  .  how/  do  you  engineer  a  100,000  ohms  per  volt 
sensitivity  tester  so  that  it  will  fit  into  a  7  Inch  case  with  a  dial  that 
is  practically  as  large  as  the  case? 

The  Simpson  full  bridge  meter  movement  has  performed 
exceptionally  well  for  many  years.  This  new  challenge,  however, 
meant  one  thing — the  compact  meter  movement  had  to  be  made 
even  smaller  .  .  .  more  sensitive. 

A  unique  core  type  movement  was  designed  by  Simpson 
engineers.  Its  specifications  for  accuracy  are  so  extremely  rigid 
that  unusual  production  methods  had  to  be  devised  to  build  these 
core  type  movements  in  commercial  quantities.  Simpson  engi- 
neers did  this,  too. 

Today,  laboratories,  manufacturers,  schools,  and  television 
servicemen  have  available  to  them  a  completely  portable  volt- 
ohm-microammeter  .  .  .  an  electronic  tester  so  sensitive  that 
many  of  its  33  ranges  are  comparable  in  sensitivity  to  those  of  a 
vacuum  tube  voltmeter.  In  addition,  this  unusual  product 
eliminates  practically  all  of  the  disadvantages  of  a  VTVM  .  .  . 
drift,  tube  replacement,  warm-up  time,  resulting  in  necessity  for 
recalibration, —  no  AC  outlet  or  line  cord  required. 

This  is  just  one  more  example  showing  what  creative  engi- 
neering can  do  to  solve  a  problem. 
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MODEL  269 


FIRST  COMMERCIALLY  AVAILABLE 
100,000  OHMS  PER  VOLT  SENSITIVITY 
VOLT-OHM-MICROAMMETER    IN  A    7"  CASE 


5200  W,  Kinzie  St..  Chicago  44  •  EStebrook  9-1 121 
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Racing  Champions 


by  C.  E.  McMullen,  Comm.  '53 


The  average  American  car-owner  has 
a  definite  and  prejudiced  imafie  of  a 
hot-rod  ;  a  souped-up,  old  jalop\  driven 
by  some  \vihle\ed  youngster,  usualh 
seen  bulling  through  traffic,  with  fen- 
ders flapping  and  exhaust  stacks  rum- 
bling. True  as  this  statement  may  be, 
there  are  tracks  where  supercharged  old 
jalopies  such  as  these  can  race  under 
supervised  authority 

Two  of  the  main  hot-rod  racing  areas 
of  the  United  States  are  in  Burbank, 
California,  and  the  Bonneville  Salt 
Flats  in  Utah.  These  areas  are  idea! 
for  racing  because  of  their  many  miles 
of  flat  surface.  The  hot-rod  driver,  be- 
cause of  the  fast  rate  of  speed  at  which 
he  travels,  needs  a  flat  surface  to  in- 
sure the  maximum  amount  of  speed 
from  his  auto  and  above  all  to  insure 
his  safety. 

The  Annual  National  Hot-Rod  Time 
Trials,  which  are  usualh'  held  around 
August  31  through  September  6,  draws 
some  250  drivers  from  as  many  as  18 
states,  all  competing  for  the  name  of 
"Champion  Hot-Rod  Driver."  These 
serious  minded  men  have  constructed 
cars  with  not  onh'  power,  lightness,  and 
efficient  contours,  but  also  with  a  high- 
ly selective  gear  box,  superb  brakes, 
which  at  the  slightest  touch  will  pro- 
duce a  safe  means  of  stopping,  and  above 
all  a  suspension  which  is  at  once  com- 
fortable and  road-gripping,  to  facilitate 
fast  cornering.  The  racer  wants  speed  in 
a  straight-awa\,  and  wants  to  be  able 
to  shift  down  and  brake  hard  for  acute 
turns,  often  at  speeds  under  30  miles 
per  hour,  and  then  shift  up  with  power- 
ful acceleration  until  he  is  at  maxi- 
mum speed. 

Speed  is  the  main  object  in  building 
a  hot-rod.  When  you  think  of  speed, 
the  next  word  that  comes  to  your  mind 
is  safety.  Safety  and  speed,  in  that  order, 
are  the  principal  factors  in  the  brain 
of  a  hot-rod  mechanic;  however,  speed 
must  be  the  dominant  one  of  the  two 
in  order  to  win  the  name  of  "Cham- 
pion  Hot-Rodder." 

Each  hot-rod  entered  in  the  Anini.il 
National  Hot-Rod  Time  Trials  is  haiui 
built  from  standard  stock  parts  and  re- 
vamped for  racing.  Most  of  the  cars 
driven  by  hot-rodders  are  revamped  to 
look  like  streamliners,  so-called  because 


of  their  envelope  body  design.  The  main 
reason  thought  of  in  building  these  cars 
is  to  attain  a  high  rate  of  speed.  These 
cars  are  capable  of  exceeding  speeds  of 
well  o\er  200  m.p.h. 

Everything  on  the  car  must  be  per- 
fect before  entering  the  nationals.  In 
the  case  of  the  superspeed  streamliners, 
the  first  thing  we  encounter  is  the  body. 
The  materials  used  for  the  body  and 
the  methods  of  construction  are  rela- 
tively unimportant,  provided  of  course 
that  the  strength  requirements  are  met. 

In  matters  of  body  contour,  the  hot- 
rodder  is  very  practical.  Should  a  prob- 
lem arise  that  he  thinks  is  too  hard,  he 
seeks  the  advice  of  an  expert.  The  body 
design  of  a  300  m.p.h.  streamliner  is 
a  very  difficult  and  scientific  proposi- 
tion that  must  be  handled  by  competent 
aerodynamicists.  Most  streamliners  have 
had  exhaustive  wind  tunnel  tests  made 
of  prototype  design  models,  a  service 
provided  by  some  of  the  better  research 
laboratories. 

The  building  of  a  streamliner  is  a 
long,  tedious  job.  In  one  type,  the  chas- 
sis used  is  part  of  a  Davis  three-wheel- 
er tubular  frame.  AH  bulkheads  and 
body  shapes  would  have  to  hand-made 
from  aluminum  extrusions  and  sheets. 
A  front  suspension  seat  could  be  ob- 
tained from  a  1928  or  1930  Ford  and 
narrowed  about  10  inches,  with  1940 
Ford  spindles  and  brake  assemblies.  The 
rear  end  of  the  streamliner  could  be 
made  from  a  Model  A,  narrowed  about 
10  inches.  One  streamliner  that  set  in- 
ternational records  at  Bonneville  Na- 
tionals in  the  Class  B  Division  had  an 
engine  with  a  3'4-iii'-"'''  bore,  3%-inch 
stroke,  24(S  cu.  in  Merc,  equipped  with 
C  &  T  heads  and  fuel  injectors,  Isken- 
derian  cam  and  Scintilla- Vertrex  mag- 
neto. Special  interest  centered  about  the 
heads  and  injection  system.  A  hemi- 
spherical combustion  chamber  was  em- 
ployed, the  valves  being  90  degrees 
apart.  Intake  valve  size  was  1  5/8 
inches  and  the  exhaust  1  and  7/16 
inches.  Although  the  heads  were  alum- 
inum castings,  standard  steel  intake  and 
exhaust  valve  seat  inserts  were  used 
and  were  placed  into  position  with  a 
.007-inch  interference  fit. 

Fuel  for  the  injectors  is  supplied  by 
a  re-worked  Pesco  aircraft  pump,  driven 


by  a  pulley  and  V-belt  from  the  right- 
hand  water  pump.  Fuel  is  pumped  under 
pressure,  35  psi  maximum,  to  a  metering 
vahe,  and  from  there  is  injected  into 
the  airstream  of  each  of  the  individual 
ports.  The  choice  of  a  slide-valve  type 
of  throttle  is  an  ideal  one  for  straight- 
away runs,  for  when  the  throttle  is 
wide  open,  there  are  none  of  the  usual 
restrictions  in  the  port;  restrictions  such 
as  throttle  butterflies  and  throttle 
shafts,  which  generally  result  from  a 
considerable  percentage  of  the  port  area, 
in  this  case  are  completely  absent,  thus 
allowing  more  air  to  enter  the  engine. 
Compression  ratio  of  12.5  to  1  is  ob- 
tained by  using  pistons  with  a  high 
crown,  machined  for  valve  clearance. 
Horsepower  output  of  the  engine  is 
280-5050  rpm,  using  straight  alcohol, 
and  320-5050  rpm,  using  a  50-50  mix- 
ture of  alcohol  and  nitromethane.  This 
mixture  was  used  on  all  the  AAA  timed 
runs.  These  figures  represent  1.14  bhp 
per  cubic  nitrated  fuel;  in  either  case, 
remarkable  values  from  a  reworked, 
production-line  engine. 

It  is  extremely  interesting  to  study 
the  different  frame  structures  of  the 
hot  rods.  In  most  cases,  the  streamliners 
have  truss-type  frames  fabricated  from 
sections  of  steel  tubing.  This  t\pe  of 
frame  is  a  good  compromise  between 
light  weight  and  extreme  rigidity.  These 
two  factors  combine  to  make  this  frame 
type  particularly  well  suited  for  high- 
speed travel  plus  the  fact  that  either  a 
metal  or  plastic  body  may  be  fastened 
directly  to  the  frame,  which  eliminates 
the  need  for  many  outrigger  body  sup- 
ports. 

In  the  m;itter  of  suspension  systems, 
the  tried  and  proven  solid-type  front 
and  rear  axle  assemblies  insure  predomi- 
nance. Most  of  the  cars  use  tubular  axles 
for  their  lightness  and  rigidity,  and  at 
the  back,  reworked  Ford  rear  end  com- 
ponents are  the  most  popular  and  least 
expensive.  However,  some  cars  are  con- 
structed with  open-tube  rear  ends,  simi- 
lar to  those  used  in  sprint  and  cham- 
pionship track  cars.  There  were  devia- 
tions from  this,  in  that  at  least  one  car 
was  being  built  with  swing  axles  and 
quick-change  differentials  both  front  and 
back,  thus  creating  a  four-wheel  drive 
machine    to    be    powered    by    two    inde- 
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|icii(liMitl\  operated  Chrysler  V-S  en- 
gines. Another  car  boasted  a  true  De 
Dion  rear  suspension  in  which  all  major 
replacement  components  could  be  pur- 
chased over  the  counter.  The  suspen- 
sion medium  for  most  of  these  cars  was 
the  venerable  transverse  leaf  spring,  al- 
though a  few  builders  favored  either 
coil  springs  or  torsion  bars. 

Fuel  is  extremeh  important  to  the 
hot-rod  (lri\er,  for  the  right  kind  of 
fuel  may  mean  success.  The  octane 
number  refers  to  the  fuel's  degree  of 
knock  resistance.  The  higher  the  num- 
ber, the  less  knock.  One  builds  up  the 
octane  ration  of  gasolines  by  ailding 
tetraethyl  lead  or  special  petroleum  con- 
stituents obtained  from  refining  and 
cracking  process.  Most  of  the  knock 
gremlins  are  born  when  fuel  is  burned 
inefficiently  in  the  engine.  If  the  fuel 
mixture  burns  evenly,  not  all  at  once, 
the  piston  gets  a  firm,  steady  push.  If 
it  burns  in  a  flash  or  before  the  piston 
is  read\  for  the  push,  there's  knock  in 
the  engine. 

Fuel  is  still  in  the  experimental  stage 
as  far  as  use  in  hot  rods  is  concerned. 
Many  formulas  have  been  tried,  and 
a>  man\  theories  have  been  expounded 
as  to  why  any  one  is  the  best.  Experi- 
mentation with  fuels  is  a  natiual  step 
forward  in  the  hot  rod  sport.  The  utili- 
zation of  advantages  offered  by  addi- 
tives should  not  be  viewed  with  any 
more  alarm  than  was  the  general  change 
from  gasoline  to  methanol.  At  the  pres- 
ent time,  and  for  a  very  good  reason, 
additives  are  being  used  only  with 
methanol.  The  reason  is  that  additives 
are  now  being  used  is  that  they  will 
not  mix  with  gasoline. 

Converting  an  engine  to  improve  its 
performance  involves  altering  the  me- 
chanical details  which  control  its  vol- 
umetric efficienc\'.  Improvements  are 
also  made  to  better  utilize  the  power 
developed  so  that  less  of  it  is  absorbed 
in  the  engine  itself  and  more  is  exerted 
on  the  driving  wheels  of  the  car.  Nor- 
mally aspirated  engines  are  dependent 
on  atmospheric  pressure  to  force  the 
fuel  and  air  mixture  into  the  cylinders 
and  to  always  have  a  volumetric  effi- 
ciency considerably  less  than  10  per 
cent.  This  is  because  of  the  short  time 
allowed  for  the  cylinders  to  receive  a 
charge  and  also  because  of  the  many 
obstructions  and  changes  of  direction 
by  the  mixture  in  the  induction  system. 

The  temperature  of  the  mixture  when 
it  enters  the  cylinder  has  much  to  do 
with  volumetric  efficiency,  because,  as 
we  all  know,  air  expands  and  becomes 
lighter  when  heated  and  contracts  and 
becomes  heavier  when  cooled.  Conse- 
quently, a  volume  of  air  at  a  given  tem- 
peraturre  weighs  less  and  therefore  con- 
tains less  oxygen  than  the  same  volume 
of  air  at  a  lower  temperature  of  the 
mixture.  The  induction  system  increases 


both  the  «'eight  of  the  charge  inducted 
into  the  cylinders  and  the  \olumetric  ef- 
ficiency of  the  engine. 

The  conclusions  from  the  foregoing 
are  these :  there  are  two  normal  ways 
to  increase  volumetric  efficiency  of  an 
engine — first,  perfect  the  mechanical 
conditions  concerned  ;  and  second,  in- 
crease the  weight  of  the  charge  in  the 
cylinders  by  reducing  its  relative  tem- 
perature. Also  mentioned  was  a  third 
way  of  increasing  volumetric  efficienc\ 
by  providing  oxygen  in  the  cylinder  in 
addition  to  that  provided  by  normal 
means. 

There  are  many  different  cars  en- 
tered in  the  Nationals,  and  therefore 
the  cars  are  classified  in  six  different 
groups.  They  are  classified  according  to 
their  engines'  cubic-displacement,  the 
smallest  being  91  cubic  inches  of  cylin- 
der space.  This  tiny  engine  when  put 
in  a  Lakester  racer  body,  which  is  just 
a  bullet-shaped  airplane-wing  fuel  tank, 
can  get  up  to  188.98  m.p.h.  Here  are 
a  few  records  of  what  the  back  yard 
mechanics  have  turned  out.  Le  Roy 
Neumayer,  23,  from  Compton,  Cali- 
fornia, drove  a  300  plus  h.p.,  305  to 
488  cubic  inch  streamliner  for  a  record 
of  233.31  m.p.h.  for  five  miles,  and 
230.55  m.p.h.  over  a  ten-kilometer  dis- 
tance. Mai  Hopper,  25,  who  works  for 
the  Los  Angeles  Telephone  Company  as 
a  lineman,  drove  a  streamliner  with  a 
cubic-inch  displacement  of  399  overr  ce- 
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ment-h;ird  flats,  exceeding  23(1  m.p.h. 
at  distances  from  one  kilometer  to  ten 
kilometers,  setting  six  new  international 
records. 

A  new  international  record  was  estab- 
lished last  year,  September  13,  1952,  in 
the  class  "C"  division  by  a  streamliner, 
"The  City  of  Burbank,"  at  an  average 
of  229.77  m.p.h.  If  science  in  the  field 
of  cars  keeps  advancing  as  it  has  been 
in  the  last  few  years,  then  all  the  38 
lecords,  International  and  National, 
will  be  broken  annually.  In  1952,  28 
out  of  35  records  were  broken  at  the 
Nationals. 

Just  as  significant  to  the  hot  rod 
sport,  perhaps,  is  the  quantity  of  rewards 
to  be  received   at  the   Nationals.   In  an 


atmosphere  of  cooperation  and  sincere 
fellowship,  ideas,  experiments,  and  ex- 
periences are  exchanged,  and  problems 
discussed.  Here  the  East  meets  the  West 
with  enthusiastic  rivalry.  In  this  typical- 
ly American  process,  the  character  of 
the  hot  rod  sport  becomes  more  pro- 
gressive in  spirit  and  more  out-standing 
in  accomplishment. 

So//if  information  for  this  article  uas 
taken  from  the  magazine  "Hot  Rod," 
I'1t4    Annual. 


At  2(1  you  blush  when  a  man  praises 
you  ;  at  30  you  think  him  a  clever  fel- 
low ;  at  40  you  wonder  what  he  wants. 

*  *        * 

They  were  entertaining  friends  in 
their  new  prefabricated  home.  Suddenly 
one  of  the  guests  sat  up  and  listened. 

"Surely  you're  not  troubled  by  mice 
already?"  she  said. 

"That's  not  mice,"  replied  the  house- 
holder. "That's  the  people  next  door 
eating  celery." 

Diner:  "I  can't  eat  this  soup!" 
Waiter:  "Sorry,  sir.  I'll  call  the  man- 
ager." 

Diner:  "I  can't  eat  this  soup." 
Manager:   "I'll   call   the   chef." 
Diner:  "I   can't  eat  this  soup." 
Chef:  "What's  wrong  with  it?" 
Diner:  "I  don't  have  any  spoon." 

*  *       * 

A  wedding  ring  may  not  be  as  tight 
as  a  tourniquet,  but  it  certainly  stops 
the  wearer's  circulation. 

*  -*        * 

A  Sunday  School  teacher  had  been 
telling  a  class  of  little  boys  about  crowns 
of  glor\'  and  heavenly  reward  for  good 
people. 

"Now  tell  me,"  she  said  at  the  close 
of  the  lesson,  "who  will  get  the  biggest 
crown  ?  " 

There  was  silence  for  awhile:  then 
Johnny  replied:  "Him  wot's  got  the 
biggest  head." 

*  *       » 

"(Grandpa,  why  don't  you  get  a  hear- 
ing aid  ?" 

"Don't  need  it,  son.  Hear  more  now 
than   I   understand." 

*  *        # 

Congressmen  wouldn't  have  so  dern 
many  political  fences  to  mend  when 
they  get  back  home  if  they  hadn't  done 
so  much  straddling. 

*  *        * 

The  young  man  was  rather  shy,  and 
after  she  had  thrown  her  arms  around 
him  and  kissed  him  for  bringing  her  a 
bouquet  of  flowers,  he  jumped  up  and 
grabbed  his  hat. 

"Oh,  don't  go,"  she  said,  as  he  made 
for  the  door.  "I  didn't  mean  to  offend 
you." 

"Oh,  I'm  not  offended,"  he  replied, 
"I'm  going  for  more  flowers." 
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Rocket  Reviews 


by  Paul  LaViolette,  E.E.  '55 


THE  MARS   PROJECT 

l}y  ll'irnhir  viin  liriiun 

I  nivrrsity  of  Illinois  I'nss. 

I  rhana,  Illinois,  $3.''.^ 

H:iscil  nil  "Das  Marsproji'kt,  "  a  spe- 
cial issue  ot  the  magazine  "Weltraiim- 
taliir"  published  in  (Germany  in  1952. 
the  "Mars  I'lojecr"  is  a  titrinf!;  com- 
panion  \olunie   to   "Space   Medicine." 


It  is  in  this  book  that  the  dream  of 
space  travel  forms  into  a  tangible  real- 
ity, not  in  the  fanciful  elaborations  of 
the  science-fiction  writer,  but  as  the 
cold  calculations  of  a  scientist. 

Mars  is  the  target  of  this  particular 
edition,  but  there  is  no  doubt  that  it 
could  well  be  any  other  nearby  solar 
satellite,  the  general  equations  and 
theories  are  that  flexible.  The  Mars 
trip  according  to  Dr.  von  Braun  will 
take  70  men  in  ten  ships  2  years  and 
239  days.  Of  this  time  449  will  be  spent 
circling  Mars. 

Three  "landing  boats  '  will  be  pro- 
vided to  land  50  of  the  men  for  a  period 
of  approximately  400  of  the  449  days. 
The  "landing  boats"  will  have  large 
wings  for  a  half-powered,  half-glide  des- 
cent to  the  planet.  One  boat  will  be 
equipped  with  skiis  and  will  land  on 
one  of  the  polar  caps.  It  will  then  be 
abandoned  and  all  supplies  loaded  on 
vehicles  to  be  transported  down  to  the 
equator  and  a  landing  field  made  for 
the  remaining  two  wheeled  boats.  After 
exploring  for  more  than  a  year  the  boats 


will  leturn  to  the  orbiting  rockets  and 
the  expedition  will  return  home  in  seven 
of  the  original  ten  rockets. 

Except  for  flu-  iruio\:ition  of  the 
"landing  boats,"  whicii  ui  realit\  are 
single  tage  rockets.  Dr.  \on  Hr.aun  fol- 
lows the  coinentional  theoiy  of  sug- 
gested space  tra\el.  Three  stage  rockets 
(approximately  46  of  them)  will  erect 
a  satellite  station  1075  miles  above  the 
surface  of  the  earth.  It  is  from  the  satel- 
lite station  that  the  actual  Mars  ex- 
pedition will  leave,  unhampered  by  the 
comparatively  enormous  grip  of  gra\it\ 
on  the  earth's  surface. 

Throughout  the  book  von  Hraun's 
calculations  back  up  his  theor\'  to  prove 
that  the  project  is  at  least  technically 
possible.  Some  of  the  formulae  are  rather 
generalized  it  is  true,  but  only  to  give  a 
clearer  picture.  Actually,  the  expedition 
would  take  calculations  and  logistics  far 
larger  than  presented  in  this  thin  vol- 
ume, but  Dr.  von  Braun  says  that  the 
"requirements  for  a  large  elaborate  ex- 
pedition' to  Mars  are  no  greater  tiiaii 
those  for  a  minor  military  expedition 
extending  over  a  limited  theater  of 
war." 

Dr.  Wernher  von  Braun  was  brought 
to  the  L'nited  States  in  1945  by  the 
Army  from  (iermany  after  having 
gained  renown  for  his  part  in  develop- 
ing the  V-2  rocket.  His  articles  on  space 
travel  have  gained  wide  recognition. 
Several  of  these  have  appeared  in  Col- 
lier's. (Reviewed  by  Paul  E.  LaVio- 
lette ) 


SPACE   MEDICINE 

Eilil,:!   hy  Jnlin   P.   Mnrhanjir 

I'nirrrsity  of  Illinois  Press,   Vrbana,  lUinnis 

Clolh  $3.00,  Paper  $2.00 

With  the  omnipresence  of  space  con- 
quest ready  to  become  a  reality,  man  is 
discovering  that  the  greatest  iniknown 
quantity  facing  him  in  his  conquest  of 
the  stars  is  the  human  factor. 

In  March  of  1950,  a  symposium  was 
held  at  the  Professional  Colleges  of  the 
University  of  Illinois  in  Chicago.  There 
experts  in  the  fields  of  science  closely 
related  to  this  problem  a.ssembled  to 
participate  in  discussions  and  present 
papers  on  the  subject.  This  book  is  the 
direct  result  of  that  symposium.  Six 
papers  are  presented  by  scientists  that 
attempt    to     show     how     interplanetary 


space  travel  is  expected  to  affect  the 
human  body.  The  discussions  range  from 
possible  chances  of  life  on  the  surround- 
ing planets  to  the  harmful  effects  of 
cosmic   rays  and    X-ray   radiation. 

There  are  many  questions  which  puz- 
zle the  scientists.  What  will  be  the  ef- 
fects of  the  ab.sencc  of  gravity?  Of  the 
tremendous  accelerations  necessary  to 
escape  the  gravitational  pull  of  the 
earth?  (^f  the  loneliness  in  the  Noid 
and  its  effect  on  the  mind?  .Add  to  this 
the  heat  and  cold  extremes,  the  deadly 
radiations,  the  constant  need  of  the 
normal  body  of  oxygen,  water  and  food, 
and  the  question  of  man  in  space  be- 
comes more  and  more  difficult. 

Three  of  the  scientists,  Drs.  Huber- 
tus  Strughold,  Heinz  Haber,  and  Kon- 
rad  Buettner  are  associates  in  the  De- 
partment of  Space  Medicine,  L  SAF 
School  of  Aviation  .Medicine,  Randolph 
Field,  Texas.  It  was  with  the  vision  of 
the  coming  of  space  travel  that  this  De- 
partment was  organized.  Two  more  are 
Major  (jeneral  Harry  G.  Armstrong, 
USAF  (MC)  the  Surgeon  Oeneral,  and 
Paul  A.  Campbell,  Colonel  (MC), 
USAF  (Reserve).  The  sixth  member  is 
perhaps  the  most  well  known  and  con- 


tro\ersial  figure  in  the  rocket  field 
today.  Dr.  Wernher  \'on  Hravui  of  the 
Ciuided  Missiles  Development  (irnup, 
Redstone  Arsenal.  Huntsville,  Alabama. 
It  is  Dr.  von  Braun  who  perhaps 
best  sums  up  the  need  for  more  serious 
study  of  man  in  space  with  the  ending 
of  his  paper:  "The  time  has  arrived  for 
medical  investigation  of  the  problems 
of  manned  rocket  flight,  for  it  will  not 
be  the  engineering  problems  but  rather 
the  limits  of  the  hinnan  frame  that  will 
make  the  final  decision  as  to  whether 
manned  space  flight  will  e\entuall\'  be- 
come a  realitv."  (  Re\  ieweii  b\-  Pavil  E. 
LaViolette) 
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The  Anchorage-Tok  Junction   telephone   luu,   built   lluuu-l:    fiuzcn   uildt'inas, 
passes  near  Alaska's  Mantanuska  Glacier.  It  connects  icith  jacitities  to  Fairbanks. 


The  line  is  through  to  Tok  Junction,  Alaska 


Ever  hear  of  permafrost?  It's  sub-surface  earth, 
permanently  frozen  hard  as  rock.  But  it  was 
only  one  small  problem  in  pushing  through 
Alaska's  newest  telephone  line 

As  the  Tiatiuii's  defense  perimeter  was  pushed  noithward. 
it  iiecame  plain  that  high-speed  coniniuni(atii>ns  were 
needed  for  Alaska.  The  Army  Signal  Corps  asked  the  Bell 
System  to  help  build  a  modern  telephone  line  for  our 
strategic  northern  outpost.   Today  the  line  is  a  fact. 

Rut  the  330-mile  route  between  Anchorage  and  Tok 
Junction  on  the  Alcan  Highway  called  for  all  the  resource- 
fulness and  skill  of  Bell  System  and  Army  engineers. 

What  type  of  line?  Engineering  studies  and  surveys 
proved  that  weather,  expense  and  maintenance  problems 
made  it  impractical  for  the  new  line  to  be  aerial  or  buried 
cable  or  radio  relay.  The  answer  was  open- wire  pole  line 
plus  carrier  equipment.  But  stringing  this  line  through 
frozen  wilderness  was  rough  business. 

The  line  had  to  cross  two  high  mountain  ranges.  Aver- 
age spacing  between  poles  was  15.^  feet,  but  to  bridge 
rivers,  ravines  and  steep  mountainside  descents  called  for 
long-span  crossings,  ranging  from  400  to  1800  feet. 


Getting  the  right  vehicles,  tools,  and  materials  to  the 
right  places  when  needed  was  a  major  feat  of  planning  in 
this  wilderness.  The  line  called  for  15.000  poles  of  varying 
lengths.  2.500  crossarms.  1.325.000  pounds  of  copper- 
steel  wire  and  2400  tons  of  hardware. 

Dynamite  licks  permafrost.  Bulldozers,  pole-hole  dig- 
gers and  liig  trucks  ballled  their  way  over  tortuous  moun- 
tain roads.  The  simple  process  of  setting  poles  proved 
almost  impossible  in  some  areas  because  of  a  volcanic  silt 
hardened  by  permafrost.  No  drill  was  tough  enough  to  with- 
stand its  pumice-like  action.  The  problem  was  licked  by 
punching  holes  and  using  small  dynamite  charges. 

But  now  the  work  is  done.  Engineers  have  turned  their 
talents  to  other  parts  of  the  vital  communication  system- 
building  a  long  distance  dial  switching  system  between 
Anchorage  and  Fairbanks. 

And  so  it  is  with  the  fast-growing  telephone  company. 
There  always  is  a  new  frontier  to  conquer— in  research,  at 
the  Bell  Laboratories,  in  manufacturing  at  Western  Electric, 
or  in  one  of  the  operating  companies  serving  the  changing 
requirements  of  a  constantly  shifting  population.  Check 
now  with  your  Placement  OlTicer  on  the  opportunities 
which  await  college  engineers  in  the  Bell  System. 


BELL   TELEPHONE    SYSTEM 


NOVEAABER,   1953 


15 


THE  MOON 
IS  BLUE 

by  Don  Arnold,  E.E.  '55 


Nearly  as  long  as  man  has  been  nn 
earth  and  has  been  able  to  raise  his 
eyes  to  look  to  the  great  bowl  of  jewels 
in  the  night  sky  above,  he  has  dreamed 
of  someday  freeing  himself  of  the  grip 
of  our  niother  planet  and  rising  to  ex- 
plore thosi-  jewels.  Now,  scientists  are 
on  the  threshold  of  realizing  mankind's 
age-old  dream,  via  a  space  station  m 
the  sky.  There  are  various  types,  hut 
in  this  article,  only  the  rocket  driven 
satellite  will   be  discussed. 

The  earth  lies  at  the  bottom  of  a 
whirlpool,  which  is  the  pidl  of  gravit\ 
holding  everything  to  it.  Our  advantage 
of  savior  lies  in  the  fact  that  this  pull 
diminishes  as  we  move  farther  out  fror.i 
the  earth,  and  that  a  body  to  mo\e  in 
a  circular  path  must  be  accelerated  to- 
ward the  center.  To  raise  ourselves  out 
of  the  depths  of  this  tremendous  whirl- 
pool is  the  job  of  the  rocket  scientists;  to 
keep  us  up  revolving  around  the  earth 
is  the  job  of  Nature. 

The  part  that  Nature  plays  is  very 
simple.  When  a  weight  is  swung  on  a 
string,  the  string  pulls  the  weight  to- 
wards the  center,  thus  making  it  revolve 
in  a  circle.  We  do  not  have  a  string 
attached  to  our  space  station,  but  some- 
thing much  better— the  gravitational 
pull  of  the  earth.  If  you  remember  from 
phvsics  the  formula  for  the  force  be- 
tween two  bodies,  F=Gm,m.  over  R,, 
and  the  formula  for  the  force  needed  to 
pull  a  given  mass  in  a  circle,  F=mv- 
over  R  one  has  the  key  to  the  solution. 
We  set  the  two  equations  for  force 
equal,  and  can  thus  determine  the  ve- 
locity with  which  our  space  station  must 
travel  at  any  desired  height.  From  this 
we  find  that  v=VGm  over  R,  where 
G  is  a  constant,  m  is  the  mass  of  the 
earth.  Remember  that  our  station  is 
not  free  of  the  influence  of  gravity, 
but  is  pulled  toward  the  earth  by  it  t(i 
make  the  station  revolve  in  a  circle. 

Once  outside  the  greater  part  of  the 
gravity  of  the  earth,  the  rocket  can  be 
steered  and  propelled  by  very  small 
forces.  But  to  escape  from  this  entwin- 
ing grasp  with  which  our  mother  planet 
holds  us,  we  must  attain  the  enormour. 
speed  of  25,000  mph  at  a  very  earh 
stage. 

Now  we  come  to  the  part  played  b\ 
the  rocket  men  to  get  the  rocket  out 
of  the  depths  of  the  gravity  ocean.  They 
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agree  th.it  no  single-stage  rocket  can 
make  this  escape — that  some  other  de- 
vice is  needed.  Thus  the  resourceful 
rocket  men  have  come  upon  the  idea  of 
the  multiple-stage  rocket.  Hut  here  the 
experts  disagree  as  to  how  man\-  stages 
are  needed.  The  most  optimistic  place 
their  hopes  on  a  two-stage  rocket,  while 
the  majoritv  of  their  colleagues  are  sold 
on  the  three-stage  rocket.  The  main 
drawback  to  this  colossus  is  its  neces- 
sary gigantic  size.  As  big  as  the  Statue 
of  Lyiberty,  this  rocket  would  weigh 
7,000  tons,  stand  265  feet  high,  and  be 
equipped  with  51  rocket  motors,  hav- 
ing a  combined  thrust  of  14,000  tons 
which  is  the  equivalent  thrust  of  6,000 
mculern  jet  fightens.  This  behemoth 
would  be  able  to  transport  into  space 
the  meager  pay  load  of  only  36  tons. 

This  three-stage  rocket  will  be  fired 
from  the  equator  so  as  to  have  the  added 


A  cut-away  diagram  of  a  three- 
stage  rocket  showing  the  fuel  com- 
partments, and   engines. 

push  given  to  it  by  the  spinning  earth. 
With  this  1000  mph  starting  speed 
with  which  the  earth's  equatorial  belt 
revolves,  the  rocket  will  begin  ascend- 
ing with  an  acceleration  of  1  g.  This  is 


as  fast  as  a  freely  tailing  body  would 
increase  its  speed.  Since  the  thrust  re- 
mains the  same,  and  the  rocket  becomes 
lighter  as  the  fuel  is  used  up,  it  quick- 
ly attains  an  acceleration  of  9  g's. 

The  motors  continue  to  fire  for  S4 
seconds,  burning  5,250  tons  of  fuel.  By 
this  time,  the  rocket  is  moving  virtually 
horizontallv  and  has  reached  a  height 
of  24.9  miles  and  a  speed  of  5,206 
mph.  Here  the  first  stage  is  detached 
and  falls  back  to  earth.  The  sec_on.l 
stage,  weighing  990  tons  adds  its  175(1- 
Ib.^hrust  for  124  seconds  to  push  the 
rocket  to  39.8  miles  and  a  speed  of 
14,364  mph. 

Now  we  come  to  the  payload  section 
of   our    rocket— the   winged    third   stage 
containing    crew,    controls,    and    equip- 
ment. This  all-important  "nose"  weighs 
143   tons  and  uses   its  motors  to   reach 
an  altitude  of  63.3  miles  and  a  speed  of 
over   18,000  mph.  The   rocket   has  now 
reached  a  speed  sufficient   to  spiral   up- 
ward in  an  elliptical  orbit  to  the  height 
where    it    can    circle    the    earth— 1000 
miles  above  the  surface.   Everything  up 
until  this  stage  has  been  operated  auto- 
matically but  now  the  crew  must  make 
rapid    calculations    and    changes    in    the 
course   of   the   rocket   to  correct   all   the 
errors    encountered    on     the    trip.    The 
crew    turns    on    the    motor    for    14    sec- 
onds, turns  the  ship  into  its  proper  head- 
ing, and  sets  the  speed  at  the  necessary 
1  5'',840  mph.  The  satellite  is  now  in  its 
orbit,    and    the    crew    is    ready    to    face 
the    feeling   of    outer   space.   Getting   to 
our   orbit   will   be   a   problem   in   itself, 
but  living  there  is  the  most  bizarre  prob- 
lem of  all.  As  yet  many  of   the   prob- 
lems remain  unan.swered:  how   to  keep 
the   blood    from    boiling   in   the    rarified 
atmosphere;    how    the    extreme    differ- 
ences in  temperature  to  be  encountered  ; 
what    effect   will    solar    radiation    have 
on  the  human  tissues.  These  and  other 
questions  are  before  the  doctors  before 
the    rocket    can    add    another    moon    to 
the   night   sky.   But  once   up   above   the 
earth,    where    do    we    go    from    here— 
t"ie    moon,    Venus,     IVIars,     the     outer 
planets?  Who  knows? 
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These  ipodern  facilities  provide  an  extremely  wide  range  of  scientific  material 
including  current  information  on  all  fields  of  research 


The  desire  to  provide  complete  technical  knowledge  for 
Dow  personnel,  together  with  intelligent  planning,  has 
prdduceil  at  Miillund,  Michigan,  one  of  the  most  compre- 
hensive ol  all  industrial  libraries.  This  modern,  air-con- 
ditioned structure  contains  over  35,000  books  and  over 
600  magazines.  New  books  are  added  regularly,  and  both 
foreign  and  domestic  abstracts  are  made  available. 

Most  of  the  material  is  highly  technical.  The  most  extensive 
coverage  is  given  to  material  in  the  fields  of  chemistry, 
electrochemistry,  biochemistry,  agricultural  chemistry, 
chemical  engineering,  physics  and  nuclear  physics. 


In  addition  to  published  material,  the  library  also  furnishes 
an  index  of  all  research  work  conducted  bv  all  divisions 
of  The  Dow  Chemical  Company. 

This  new  library  is  but  one  example  of  Dow's  efforts  to 
offer  the  finest  facilities  for  work  and  recreation  to  its 
employees,  the  dow  chemical  company'.  Midland.  Michigan. 


Don's  Ii,inl.l.i  ■()p,,„rnmilies  W  ill,  The  Dot,-  Clu-mUid 
Compan\".  •■-./ir,  lally  urillfn  f<ir  //lose  dbuiil  to  enter 
the  cheinunl  /ir<i/e\si(in,  is  nvoilolile  free,  upon  request. 
Write  to  The  Dow  Chemical  Company,  Terhniral 
Employment,  Midland,  Michigan. 
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Have  vou  cvt-r  thought,  Mr.  Average 
American,  that  perhaps  someday  you 
will  be  able  to  walk  over  to  your  tele- 
phone and  place  a  call  to  someone,  even 
though  he  is  driving  his  car? 

Actuallv,  telephone  service  to  or  be- 
tween moving  vehicles  is  already  m 
wiiiespread  use  in  localities  which  find 
it  both  useful  and  practical.  Common 
Carrier  Mobile  Radio-telephone  Service, 
as  it  is  officially  known,  is  primarily 
useful  for  the  following  situations: 

( 1 )  Providing  telephone  service  to 
water-separated  points. 

(2)  Providing  service  to  vehicles  and 
boats.  . 

(3)  Providing  service  where  cables 
are   impractical. 

(4)  For  replacing  or  supplementing 
cables  at  substantial  cost  advantage. 

Radio  systems  had  been  used  to  only 
a  limited  extent  for  many  years  until 
194S,  when  the  Federal  Communica- 
tions Commission  allocated  several  new 
bands  for  certain  types  of  service.  This 
enabled  telephone  companies  to  use  radio 
to  extend  service  to  mobile  subscribers. 

There  are  six  types  of  radio  service 
for  which  the  FCC  will  grant  licenses 
to  telephone  companies,  namely: 

(  1 )    Long-haul,  toll  radio  channels. 

(2)  Short-haul,  toll   radio  channels. 

(3)  Urban  mobile  radio  service. 

(4)  Highway   mobile    radio   service. 

(5)  Rural    subscriber   service. 

(6)  Special     services.     (  Kmergencies, 

etc.) 

A  long-haul  toll  radio  link  is  a  means 
for  communication  between  fixed  points 
involving  the  use  of  one  or  more  inter- 
mediate stations.  A  short-haul  link  is  a 
means  for  communication  between  fixed 
points,  but  not  needing  intermediate 
stations  due  to  the  proximity  of  opera- 
tion. Two  types  of  mobile  service  have 
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been  established.  Urban  service  is  fur- 
nished to  vehicles  operating  in  or  close 
to  a  given  city.  Highway  Mobile  serv- 
ice is  rendered  to  vehicles  moving  over 
the  principal  highway  of  the  country. 
Highway  service  is  more  involved  than 
urban  service,  since  more  than  one  trans- 
mitter is  required. 

Prospects    for   mobile    radio-telephone 
service  are  almost  unlimited.  Radio-tele- 
phone could  almost  entirely  replace  dis- 
patching stations  for  delivery  and  truck- 
ing companies,  express  and  freight  pick- 
up  trucks,   laundry,   dairy,   bakery,   and 
meat  trucks.  Taxicab  companies  are  al- 
ready using  radio  communication  to  dis- 
patch cars.   Garage  and  wrecker  trucks 
could  always  be  on  the  spot  through  the 
use   of    radio-telephony.    Doctors   would 
find    this    an    invaluable    service    during 
emergencies.       Newsmen       could       keep 
abreast  of  the  latest  happenings  through 
mobile    communication.    Ambulances 
would  find  the  same  use  for  this  service 
as  doctors.  Cars  of  police  and  fire  chiefs, 
and     important     public    officials    might 
well    be    advantageously    equipped    with 
radio-telephone.   Switch   engines   in   rail- 
road yards  need  never  stand  idle  while 
the  engineer  receives  orders  if   the  cab 
is   equipped    with    two-way    radio   com- 
munication.   Contractors    and    highway 
engineers  could  always  kee  pin  constant 
communication   with   one   another  while 
working  on  some  huge  construction  pro- 


ject.  Radio,  television,  and  appliance 
service  calls  through  the  use  of  mobile 
telephone.  Boats  and  trains  are  also  im- 
portant prospects  for  this  new  service. 
As  you  can  readily  see,  the  door  has 
been  opened  to  a  new  field,  both  vast 
and  extensive. 

Several  types  of  mobile  service  are 
being  offered.  These  are: 

(  1  )  General  service — between  a  reg- 
ular telephone  and  a  mobile  unit  or  be- 
tween two  mobile  units. 

(2)  Dispatching  service— furnished 
between  a  designated  customer  and  a 
given  fleet  of  mobile  units  on  a  com- 
mercial basis. 

(3)  Signalling  service— a  one-way 
paging  system  from  fixed  telephone  to 
mobile  unit. 

The  frequencies  assigned  to  telephone 
companies  under  present  proposals  he 
in  four  principal  bands — (1)  35  to  44 
mc.  (2)  152  to  162  mc.  (3)  458  to 
460  mc.  (4)  900  mc  and  over.  Because 
of  the  increasing  demand  for  channels 
by  miscellaneous  interests,  such  as  police 
and  taxicabs,  it  seems  unlikely  that 
bands  1  or  2  will  be  used  extensively. 

The  radio  equipment  used  in  the  tele- 
phone field  is  classed  as  to  its  usage  as: 
(a)  Fixed  station  (with  respect  to  lo- 
cation, used  to  comnuinicate  with  other 
fixed  stations  or  mobile  units),  (b)  Re- 
lay stations  (used  as  intermediate  sta- 
tions in  point-to-point  links  or  in  con- 
nection with  a  mobile  network),  and 
(c)  mobile  stations  (primarily  automo- 
biles and  trucks). 

The  equipment  used  in  mobile  units 
consists  of  an  FM  received,  an  FM 
transmitter  with  a  power  output  of  from 
7  to  30  watts,  a  fender  or  roof-top  an- 
tenna, and  a  telephone  handset.  The 
storage  battery  of  the  vehicle  is  also  con- 
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sidcred  to  be  part  of  the  mobile  installa- 
tion. 

Mobile  service,  because  of  cost  and 
limited  spectrum  space,  must  usually 
operate  on  a  party-line  basis.  As  many 
as  100  mobile  units  could  be  placed  on 
the  same  channel.  By  keeping  conversa- 
tions brief,  adequate  service  could  be 
maintained   without   undue  interference. 

It  is  desirable,  though  not  essential, 
that  some  means  be  used  for  selectively 
signalling  mobile  subscribers.  Signalling 
can  be  accomplished  by  utilizing  selec- 
tive code-call  units,  operating  in  con- 
junction with  the  received.  Code-call 
units  are  available  in  two  types,  the 
secret  and   non-secret  conversation-type. 

In  tile  secret  system,  only  the  mobile 
unit  initiating  or  receiving  the  call  can 
hear  or  talk  over  the  channel.  While 
the  call  is  in  progress,  the  transmitters 
and  receivers  of  all  other  units  on  the 
same  channel  are  rendered  inoperative. 
A  busy  light  in  each  mobile  unit  shows 
when  the  channel  is  in  use.  In  the  non- 
secret  type  of  service,  any  mobile  sub- 
scriber can,  of  course,  listen  in  on  any 
call.  This  is  the  more  common  type  of 
service. 

Transmitter  power  requirements  are 
difficult  to  generalize  upon.  Experience 
has  shown  that  7  to  30  watts  of  power 
is  adequate  for  mobile  units,  when  used 
with  a  central  office  transmitter  of  from 
50  to  250  watts  rated  output.  Mobile 
applications  require  non-directional  an- 
tennas, as  a  mobile  unit  may  move  in 
any  direction. 

Mobile  system  operation  is  as  simple 
as  placing  an  ordinary  telephone  call. 
The  mobile  subscriber  picks  up  the 
handset  and  observes  the  busy  light  to 
see  if  the  channel  is  in  use.  If  the  chan- 
nel is  not  in  use,  the  subscriber  presses 
the  "push-to-talk"  switch  on  the  hand- 
set. This  places  the  transmitter  carrier 
on  the  air,  and  it  is  picked  up  by  the 
fixed  station  and  relayed  to  the  mobile 
service  operator,  who  plugs  in  the  mo- 
bile service  jack,  placing  the  central 
office  transmitter  on  the  air.  The  oper- 
ator then  asks  for  the  called  num- 
ber. The  call  is  then  completed  in  the 
usual  manner.  The  mobile  subscriber 
must,  of  course,  press  the  handset  switch 
when  speaking,  and  release  when  listen- 
ing. If  the  call  is  to  another  mobile  unit, 
com  ersation  is  on  a  "push-to-talk"  basis 
on  the  part  of  both  subscribers. 

Rural  subscriber  radio-telephone  serv- 
ice utilizes  links  between  the  central  of- 
fice and  distant  rural  telephones.  It  is 
of  particular  usefulness  where  wire  lines 
would  be  economically  unfeasible.  An 
experimental  Hells  System  project  fur- 
nishing radio-telephone  service  to  eight 
ranches  lying  at  distances  of  11  to  21 
miles  southeast  of  Cheyenne  Wells,  Col- 
I  orado,  was  installed  in  1946,  and  has 
[  been  in  successful  operation  since. 
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EYES 
OF 
THE 
CITY 


by 

Bob  Walker, 

E.E.  '56 


Chicago's  traffic  control  has  gone 
modern!  Electric  "eyes"  are  now  being 
used  to  co-ordinate  city  traffic  lights 
with  Chicago  Transit  Authority  eleva- 
ted trains  operating  at  a  temporarily 
established  street  level. 

The  (jarfield  Park  elevated  service 
had  previously  been  operating  over  ele- 
vated tracks  which  were  directly  in  the 
path  of  the  Congress  Street  Superhigh- 
wa\'.  The  tracks  were  left  standing  as 
long  as  possible,  until  September,  when 
work  had  progressed  to  the  point  where 
the  red  structures  had  to  be  taken  down. 
In  order  to  provide  service,  the  only 
solution  was  to  initiate  temporary  street- 
level  operation.  Building  new  tracks 
would  be  unfeasible,  since  final  plans 
called  for  operation  of  the  electrified 
line  directly  in  the  center  lane  of  the 
highway. 

Tracks  Parallel  Street 

The  new  right-of-way  occupies  a 
fenced-in  area  on  the  south  side  of  Van 
Buren  Street,  between  Racine  and  Cali- 
fornia Avenues.  Inclines  at  these  points 
carry  the  trains  to  the  remaining  ele- 
vated structures  which  will  not  be  re- 
moved. Since  the  tracks  occupy  half  the 
the  street,  traffic  had  to  be  directed 
one-way;  west-bound  was  chosen. 

Originally  a  total  of  twenty-four 
streets  crossed  the  right-of-way.  Of 
these,  fourteen  are  now  closed  to  pedes- 
trians and  vehicles.  The  other  ten,  con- 
sidered impractical  to  close,  have  been 
equipped  with  electronic  signal  control 
devices  at  each  intersection. 

"Eyes"  Guide  Stoplights 

This  is  how  the  new  electronic  signal 
system  works.  Each  intersection  is  pro- 
vided with  four  standard  traffic  lights, 
two  special  lights  for  train  motormen, 
and  four  sets  of  electric  eyes,  two  for 
west-bound  service  and  two  governing 
east-bound. 

As  a  train  approaches  an  intersection, 
the  motonnan  is  instructed  by  a  large 
octagon  sign  to  "STOP  HERE!"  The 
train  thus  halted  at  the  stop  sign  breaks 
the  light  beam  cast  obliquely  across  the 
tracks  bv  the  electric  eye.  This  holds  the 
street    traffic    lights    at    red    until    the 


train  clears  the  eye  at  the  opposite  end 
of  the  intersection.  Immediately  beyond 
the  "STOP  HERE!"  sign  is  the  train 
traffic  signal  providing  these  changing 
aspects:  RED — indicating  STOP  and 
WAIT;  RED,  with  word  ALERT— 
indicating  prepare  to  start;  and  YEL- 
LOW— indicating  proceed  with  cau- 
tion. 

Street  traffic  lights  with  standard 
red,  yellow,  and  green  signals  control 
vehicles  and  pedestrians  at  all  intersec- 
tions. 

Signals  Automatically  Timed 

In  order  to  provide  maximum  operat- 
ing safety  at  minimum  delay  to  transit 
service,  the  train  signals  are  timed  to 
operate  automatically  on  cycles  of  sixty- 
four  seconds,  with  two  exceptions.  The 
sixty-four  second  cycle  is  sufficient  time 
for  a  train  to  travel  from  one  intersec- 
tion to  the  next  in  time  to  receive  a 
yellow  signal,  under  normal  conditions. 
The  niotorman  must  bring  his  train 
to  a  complete  stop  at  each  intersection 
and  wait  for  the  yellow  signal  to  appear 
in  the  sixty-four  second  cycle,  before 
proceeding  across  the  intersection.  When 
the  yellow  light  appears,  street  traffic 
lights  show  red  for  north-south  traffic 
and  green  for  west-bound. 

C^nly  one  more  problem  had  to  be 
solved  :  how  to  prevent  west-bound  mo- 
torists from  making  left  turns  across  the 
right-of-way  on  a  green  light  with  re- 
sultant collision.  Solution  to  this  is  sim- 
ple. Each  corner  is  now  displaying  a 
"NO  LEFT  TURN"  sign  for  west- 
bound traffic. 

Train  Speed  Governed 

Trains  descending  inclines  to  the 
street  level  are  governed  by  automatic 
time-controlled  block  signals.  This  fea- 
ture not  only  prevents  a  train  from  re- 
ceiving "proceed"  indications,  but,  b\' 
means  of  track  trips,  brakes  the  train 
if  it  is  operating  above  proper  speed 
limits. 

lyarge  yellow  signs  with  a  black  "T" 
indicate  entrance  into  these  time-con- 
trolled areas  to  motormen.  Other  signs 
iiulicate  proper  train  speed. 

Running  Time  Increased 

The  street-level  operation  is  approxi- 
mately two  and  one-fourth  miles  long 
and  increases  running  time  in  the  morn- 
ing rush  hours  about  llyS  minutes. 
During  midday,  the  increa.se  is  1.?  min- 
utes  longer  than   former  schedules. 

When  the  Congress  Street  Superhigh- 
way is  completed,  Garfield  Park  service 
will  be  provided  by  a  fleet  of  all-new 
metal  transit  cars  operating  in  the  mid- 
dle lane  of  the  highway  at  speeds  of 
sixty  to  si\t\-five  miles  per  hour.  It  is 
anticipated  that  this  high  speed  ser\ice 
will  be  inaugurated  in  1956. 
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CHEMICAL  PROBLEM... 

...  to  restore  newness  in  feel  and 
appearance  to  washable  wearing 
apparel  and  linens. 

SOLUTION... 

.  .  .  Hercules'"  CMC,  a  superior 
new-type  laundry  finish  in  dry  or 
liquid  form,  which  has  many  ad- 
vantages over  conventional  starch. 
It  gives  sharper  colors,  whiter 
whites.  Fabrics  iron  easier;  have 
a  new  look  and  softer  finish.  CMC 
improves  the  appearance  of  items 
not  ordinarily  starched.  Laundry 
washes  cleaner,  easier,  because 
CMC    checks    dirt    penetration. 

COLLEGE  MEN,.. 

This  is  but  one  example  of  the 
far-reaching  chemical  develop- 
ments in  which  you  could  partici- 
pate at  Hercules — in  research, 
production,  sales,  or  staff  opera- 
tions. It  suggests  the  ways  Her- 
cules' products  serve  an  ever- 
broadening  range  of  industries 
and  end-uses. 


Hercules'  business  is  solving  problems  by  chemistry  for  industry  •  • , 

»^  .  .  .  adhesives,  soaps,  detergents,  rubber, plastics,  paint,  varnish,  lacquer,  textiles, paper,  insecticides, 

4^  to  name  a  few,  use  Hercules®  synthetic  resins,  cellulose  products,  chemical  cotton,  terpene  chem- 

n^  icals,  rosin  and  rosin  derivatives,  chlorinated  products  and  other  chemical  processing  materials. 

/    L  Hercules-    cxphsives  serve  mining,   quarrying,   construction,   seismograph  projects  everywhere. 


HERCULES 


HERCULES   POWDEH   COMPANY  Wilmington  99,  Delaware 
Sales  Offices  in  Principal  Cities 
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You'll  be  at  the  head  of  the  jet  parade  at  Boeing 


For  long-range  opportunities,  it's  hard  to 
beat  the  jet  aircraft  field.  If  yoit  want  to 
get  into  this  exciting  branch  of  engineer- 
ing after  you  graduate,  get  in  at  the 
head  of  the  parade— at  Boeing. 

Through  the  fighter-fast  B-47  six-jet 
bomber,  and  the  giant  new  eight-jet  B-52, 
Boeing  has  acquired  more  experience  de- 
signing, flying  and  building  multi-jet 
aircraft  than  any  other  company,  either 
here  or  abroad.  In  addition,  Boeing  is 
the  first  American  company  to  announce 
its  entry  into  the  jet  transport  field. 

Engineering  graduates  will  find  in 
the  aviation  industry  an  unusually  wide 
range  of  experience,  and  great  breadth 
of  application  —  from  pure  research  to 
production  design,  all  going  on  at  once. 
Boeing  is  constantly  alert  to  new  tech- 


niques and  materials,  and  approaches 
them  without  limitations.  Extensive  sub- 
contracting and  major  procurement  pro- 
grams, all  directed  and  controlled  by 
engineers,  afford  varied  e.x'perience  and 
broad  contacts  and  relationships. 

Aircraft  development  is  such  an  inte- 
gral part  of  our  national  life  that  young 
graduates  can  enter  it  with  full  expecta- 
tion of  a  rewarding,  long-term  career. 
Boeing,  now  in  its  36th  year  of  opera- 
tion, employs  more  engineers  today  than 
even  at  the  peak  of  World  War  II.  Its 
projects  include  guided  missiles,  research 
on  supersonic  flight  and  nuclear  power 
for  aircraft. 

Boeing  engineering  activity  is  concen- 
trated at  Seattle  in  the  Pacific  Northwest, 
and    Wichita    in    the    Midwest.    These 


communities  offer  fine  fishing,  hunting, 
golf,  boating  and  other  recreational  facil- 
ities. Both  are  fresh,  modem  cities  with 
fine  residential  sections  and  shopping 
districts,  and  schools  of  higher  learning 
where  engineers  can  study  for  advanced 
degrees. 

There  are  openings  in  ALL  branches 
of  engineering  (mechanical,  civil,  elec- 
trical, aeronautical,  and  related  fields), 
for  DESIGN,  DEVELOPMENT,  PRODUCTION, 
RESEARCH    and    TOOLING.     Also    for    ser\0- 

mechanisni  and  electronics  designers  and 
analysts,  and  physicists  and  mathemati- 
cians with  advanced  degrees. 

For  further  Informatiott 
consuH  your  Placement  Office,  or  write: 

JOHN  C.  SANDERS,  Staff  Engineer— Personnel 
Boeing  Airplane  Company,  Seattle  14,  Washington 
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A  Statement  on    . 


Science  Fiction 


by  Maurice  Garnholz,  Acro.E.   '56 


Since  rhr  ciul  ot  W.nlcl  \V,n  11,  a 
si'eming!\  new  liciil  ol  literature  lias 
risen  to  the  attention  of  the  general 
public.  Before  that  time  only  a  small 
number  of  people  knew  that  this  type 
of  writing — labeled  loosely  as  science 
fiction — even  existed.  Hut  \\ith  the  ad- 
vent of  new  examples  of  scientific  pro- 
gress like  electronic  calculators,  rockets, 
and  the  atom  bomb,  all  which  were 
brought  about  largely  by  the  war,  the 
ranks  of  followers  of  science  fiction 
grew-  swiftly,  until  toda\  the  number  of 
people  who  have  not  at  least  heard  of 
it  is  dwindling  rapidh'.  Large  write- 
ups  in  magazines  (including  Life)  have 
publicized  this  literature  extensiveh. 
More  and  more  books,  movies,  and 
radio  and  television  programs  about  sci- 
ence fiction  are  being  brought  forth. 

But  even  with  this  tremendous  surge 
of  popularity,  science  fiction  (or  scicn- 
tification  as  it  is  sometimes  called,  STF 
for  short)  is  still  a  vague  term  in  the 
minds  of  most  people.  It  is  often  thought 
bv  the   uninformed   that   science   fiction 


MAURICE  "MAURV 
GARNHOLZ  has  been 
the  stott  ol  the  lllinoi 
TechnogropS  for  one  yea 
and  is  at  present  assistan 
editor.  Maury's  heme  i 
Hoylcton,  Illinois,  and  hi 
curriculum  is  aeronautico 
engineering  from  which  h 
will   groduate   in    1956. 
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is  merel\  ju\enile  tra>h  wiitten  b\  some 
eccentric  writer  in  his  spare  moments 
while  in  dire  need  of  some  ready  cash. 
This  concept  is  even  more  wrong  than 
the  also  false  belief  that  these  stories 
deal  only  with  swashbuckling  tales  of 
speeding  rocketships  or  a  crazy  scientist 
intent  upon  completely  erasing  the  earth 
from  the  universe.  Although  stories  deal- 
ing primarilv  with  interplanetary  and 
interstellar  travel  do  abound  in  various 
forms  throughout  science  fiction  liter- 
ature (and  it  is  now  classified  as  a  liter- 
ature), an  extremely  wide  variet\'  of 
other  subjects  is  present  also.  Such  topics 
as  bio-chemistry,  the  futvire,  psycholog\, 
time-travel,  mental  difficulties,  robots, 
thinking     machines,     sociology,     mathe- 


matics, semantics,  language  and  r.ice  dif- 
ficulties, governmental  Utopias,  and 
many  others  are  discussed,  set  to  theory, 
and  are  essentially  the  main  settings  of 
the  stories.  Very  few  fields  are  left  un- 
touched by  science  fiction  authors.  It  is 
doubted  very  much  if  any  other  desig- 
nated field  of  literature  encompasses  as 
many  different  things  as  does  science 
fiction. 

By  far  the  most  of  science  fiction 
stories  are  primarily  novels  with  scien- 
tific settings.  They  usualh'  concern 
events  that  could  very  possibly  happen 
to  :;n\onc  of  us  if  we  were  transported 
to  a  future  or  special  situation.  The  best 
plots  are  those  which  have  some  sort  of 
unconventional  theory  at  the  climax  or 
as  the  entire  basis  for  the  story.  This 
fact  is  probably  one  of  the  primary  rea- 
sons for  the  popularity  of  science  fic- 
tion. Only  there  can  you  find  seeming- 
ly fantastic  and  daring  theories  and 
ideas.  Almost  any  other  publisher  would 
not  dare  to  print  such  seemingly  un- 
coinentional  writing.  In  science  fiction, 
as  the  name  implies,  the  theories  and 
ideas  are  put  into  practice  \ia  a  fiction- 
al plot.  The  fact  that  very  fantastic 
ideas  can  be  written  with  little  fear  of 
undue  criticism  from  the  readers  en- 
courages many  new  ideas.  Thus,  many 
new  and  hithertofore  unseen  conceptions 
are  brought  to  light.  In  time  many  of 
these  fantasies  become  facts;  e.g.,  rock- 
ets, flying  saucers,  television,  and  the 
atomic  bomb  are  only  a  few  of  the 
many  things  written  about  on  the  pages 
of  science  fiction  magazines  before  they 
became  a  realitw 

If  many  of  thp  ideas  put  forth  in 
science  fiction  stories  still  seem  to  be 
too  nuich  of  an  impossibility  or  improh- 
abilitv  for  the  average  person,  let  him 
remember  that  sixty-five  years  ago  auto- 
niobiics  were  unheard  of;  twenty  years 
.igo  television  was  nonexistent ;  fort\ 
years  ago  airplanes  were  laughed  at; 
twenty  years  ago  rocket  travel  was  un- 
thought  of,  except  by,  perhaps,  a  very 
select  few.  Who  can  say  what  the  fu- 
ture has  hidden  from  our  prying  eyes? 
Who  is  qualified  to  state  that  the  sci- 
ence fiction  writers  are  wrong  and  too 
daring?  At  about  the  time  of  the  Civil 
War,  or  immediately  prior  to  it,  the 
head  of  the  United  States  Patent  Office 


resigned,  because  he  belie\ed  that  every- 
thing worthwhile  had  already  been  dis- 
covered or  invented.  Science  fiction 
states  nothing  as  being  definite.  It  mere- 
ly surmises  as  to  what  would  happen 
if  a  certain  condition (s)    were  true. 

Although  many  read  science  fiction 
primarily  as  a  source  of  escape  litera- 
ture which  takes  them  away  from  the 
trials  and  tribulations  of  our  civilized 
society  for  a  short  while,  the  majority 
read  it  also  for  the  interesting  theories 
and  new  conceptions  of  old  ideas.  These 
readers  are  not  abnormal  juveniles  or 
psychopathic  adults,  (^n  the  contrarx, 
an  above  average  intelligence  is  re- 
quired to  comprehend  many  of  the  sci- 
entific abstractions,  theories,  and  ideas 
brought  forth  in  many  of  the  stories. 
Numerous  scientists,  engineers,  astrono- 
mers, and  other  men  of  reputed  intellect 
peruse  much  science  fiction  literature. 

Liwekise,  many  of  them  compose  an 
impressive  portion  of  it.  Dr.  John  R. 
Pierce,  an  electronics  expert  with  Bell 
Telephone  Laboratories,  writes  fantasy 
and  science  fiction  in  his  spare  time.  So 
do  man\-  other  scientists,  including  Rob- 
ert S.  Richardson,  astrophysicist  of  the 
Mount  Wilson  Observatory;  Cjeorge  O. 
Smith,  Emerson  Radio  engineer;  Isaac 
Asimov,  a  Boston  chemist;  John  W. 
Campbell,  Jr.,  an  ^I.  I.  T.  alumnus 
who  edits  Jslounding  Science  Ficlion, 
one  of  the  best  known  magazines  in  the 
field  ;  L.  Sprague  de  Camp,  aeronautical 
engineer  during  the  last  war;  and 
Kmory  Lakatos,  lawyer  and  brilliant 
mathematician.  Robert  Heinlein,  most 
popular  of  science  fiction  writers,  is  a 
Nasal  Academy  graduate.  Willy  Ley. 
well  known  rocket  specialist,  writee 
technical  articles  for  both  science  fie 
tion  and  other  magazines. 

As  in  the  latter  case,  the  word 
"science  fiction"  on  the  cover  of  a  maga- 
zine is  often  misleading,  for  many  fact- 
ual and  truly  scientific  articles  are  pres- 
ent between  the  covers.  There  can  be 
little  doubt  that  the  popularity  of  sci- 
ence fiction  is  steadily  increasing.  Sci- 
ence fiction  may  be  only  a  passing  fancy, 
but  if  so,  it  is  passing  because  the  fic- 
tion is  becoming  reality. 
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Adding  youth  to  steel ,..  for  you 

Just  a  "pinch"  of  vanadium  helps  steel  to  serve  you  better 


Steel  is  like  people.  It,  too,  can  become  tired  with  too 
much  shock  and  strain,  or  too  much  exertion.  Fortunately 
for  all  of  us.  scientists  have  learned  the  secret  of  imparting 
the  stamina  of  youth  to  steel. 

SECRET  OF  YOUTH  — It's  done  by  adding  small  amounts  of 
vanadium  — often  with  other  alloying  metals— to  the  molten 
steel,  usually  as  it  comes  from  the  steelmaker's  furnace. 

Thus,  the  springs  of  your  car  and  other  hard-working 
parts  of  automobiles,  locomotives,  ships,  and  aircraft  with- 
stand constant  sliock  and  strain. 

WHAT  IS  VANADIUM?  This  special  tonic  for  steel  is  one 
of  the  earth's  rarer  metals.  Most  of  America's  vanadium 
ore  conies  from  the  Colorado  Plateau.  After  being  concen- 
trated and  smelted,  the  refined  metal  is  shipped  to  the  steel- 
makers. 

Vanadium  is  but  one  of  many  alloying  metals  that  are 
used  to  improve  today's  steel.  Just  as  vanadium  makes 
steel  shock-resistant  and  enduring,  chromium  makes  it  rust- 


resistant,  tungsten  makes  it  strong  at  high  temperatures, 
manganese  makes  it  tough  at  low  temperatures,  and  silicon 
gives  it  important  electrical  properties. 

UCC  AND  ALLOYS  — The  people  of  Union  Carbide  produce 
mure  than  fifty  different  kinds  of  alloying  metals,  in  hundreds 
of  varying  compositions  and  sizes.  They  also  work  closely 
with  steelmakers  in  developing  and  improving  the  alloy 
steels  that  go  into  nearly  everything  that  serves  us  today. 

STUDENTS  and  STUDENT  ADVISERS:  Learn  more  about  the  many 
fields  in  which  Union  Carbide  offers  career  opportunities.  Write  for 
the  free  illustrated  booklet  "Products  and  Processes"  which  de- 
scribes the  various  activities  of  UCC  in  the  fields  of  Alloys,  Car- 
Ho  \.s.  Chemicals,  Gases,  and  Plastics.  Ask  for  booklet  F-2. 

Union  Carbide 

AJVI>     CARBON    CORPORATION 


EAST    4  :  N  U    S  T  H  E  E  i 


UHE 


V  E  W    Y  O  KK    17,    N.    Y. 


UCC's  Trade-marked  Products  of  Alloys.  Carbons,  Chemicals,  Gases,  and  Plastics  include 

FlFCTROMET  Alloys  and  Metals  •  Haynes  STELLrTE  Alloys  •  EvEREADY  Flashlights  and  Batteries  •  NATIONAL  Carbons  •  ACHESON  Elo 
Prestone  and  Trek  Anti-Freezes  •  Pyrofax  Gas  •  Prest-O-Lite  Acetylene 
Dynel  Textile  Fibers  •  Bakelite,  Krene  and  ViNYLITE  Plastics  •  LiNDE  Oxygen  •  SYNTHETIC  ORGANIC  CHEMICALS 
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RADAR  and  Your 
Weather  Report 


by   Alan   England,    E. Physics  '54 


During  the  Sccoiui  World  \V';ii-  ;iiui 
till-  Korean  War,  radar  was  primarily 
thought  of  as  a  military  weapon  in  that 
it  fould  be  used  to  observe  the  motion 
of  distant  ships,  planes  and  equipment, 
and  often  to  determine  if  such  objects 
that  appeared  on  the  radar  "scopes" 
were  clouds  which  were  more  often 
considered   nuisances   rather   than    useful 


information.  Only  a  general  idea  of  fu- 
ture weather  or  weather  over  some  stra- 
tegic target  could  be  made  since  the  sci- 
ence of  radar  weather  prediction  had 
not  developed  to  such  a  point  that  these 
estimates  had  much  value.  The  day  is 
finally  coming  when  short  range  weather 
predictions  can  be  made  with  great  ac- 


curac>- — such  accuracy  possible  only  thru 
the  use  of  radar. 

Principles  oj  Radar 

In  order  to  acquire  some  conception 
of  how  radar  is  used  in  weather  predic- 
tion, perhaps  we  should  try  first  to  ac- 
quire a  qualitative  pictiuc  of  how  radar 
operates.  'I'he  action  is  roughly  as  fol- 
lows. A  very  high  frequency  oscillator 
in  the  radar  transmitter  is  allowed  to 
oscillate  for  a  ver\-  short  period  of  time. 
The  nature  of  the  oscillation  is  such 
that  wires  cannot  be  used  to  guide  the 
signal  to  a  suitable  antenna.  Hollow- 
metal  tukes  known  as  waveguides  ili- 
rect  the  signal  to  the  antenna.  The  an- 
tenna, by  the  use  of  a  reflector,  usuall\ 
referred  to  as  a  "bedspring"  or  a  "dish," 
directs  the  radiation  along  some  par- 
ticular azimuth  in  some  particular  pat- 
tern in  space.  Ordinary  radar  waves  arc 
so  short  that,  unlike  radio  waves,  they 
would  fly  off  in  a  straight  line  into 
space  except  for  their  one  desirable  fea- 
ture. This  feature  is  simply  the  fact 
that  many  materials  can  reflect  radar 
waves  to  such  a  degree  that  the  reflec- 
tions or  "echos"  can  be  picked  up  at  the 


Radar  antenna  used  with  the  range  height  indicator  scope.  This  antenna 
can  move  in  a  forty  degree  vertical  arc  along  any  desired  azimuth. 
(Photo  courtesy   Illinois   State  Water   Survey) 


same  point  from  whence  they  started. 
While  the  pulse  of  energy  is  leaving  the 
anterma,  leakage  of  the  signal  thru  the 
structure  blocks  any  returning  signal, 
but  after  the  outgoing  pulse  terminates, 
any  reflected  radiation  can  be  picked 
up  by  the  same  antenna  and  channeled 
by  waveguides  back  to  a  radar  receiver. 

The  receiver  so  shapes  the  reflected 
signal  that  it  can  cause  a  pattern  on  the 
screen  of  an  oscilloscope.  The  time  neces- 
sary for  the  radar  signal  to  leave  the 
antenna  and  return  depends  on  the  dis- 
tance between  the  antenna  and  the  ob- 
ject that  reflected  it.  The  "scope"  can 
be  so  calibrated  that  this  corresponds  to 
some  specific  distance  on  the  scope  and 
can  be  measured  in  miles.  Objects  var\' 
in  their  ability  to  reflect  the  energy  of 
the  signal,  metallic  objects  being  the  best 
reflectors,  but  the  size  and  nearness  of 
the  objects  also  affects  the  amount  of 
signal  reflected  back  to  the  antenna. 

Since  a  cloud  is  a  fairly  large  object, 
containing  a  large  amount  of  material, 
water,  it  is  able  to  reflect  a  large 
amount  of  signal  back  to  the  antenna. 

The  Meteorlogic  Laboratory 

At  the  Meteorlogic  Laboratory,  lo- 
cated at  the  University  of  Illinois  Air- 
port, the  use  of  radar  is  undergoing  ex- 
t?nsive  testing  along  with  a  number  of 
other  experimental  devices  all  falling 
under  the  classification  of  instruinenta- 
tion  for  studies  in  cloud  physics.  This 
project  is  sponsored  jointly  by  the  sig- 
nal corps,  the  state  of  Illinois,  and  a 
subcontract  through  the  University  of 
Chicago  with  the  Air  Force.  The  group 
leader.  Glen  Stout,  is  with  the  state 
water  survey.  The  project  is  studying 
such  phenomenon  as  charge  formation 
in  the  air,  the  conductivity  of  the  air, 
the  electric  field  set  up  in  the  air  by 
this  charge  formation,  the  effect  of  drop 
size  and  intensity  of  rainfall  on  the  sig- 
nal received  by  the  radar  antenna,  and 
the  effect  of  the  number  of  sodium  par- 
ticles in  the  air  on  the  formation  of 
clouds. 

C^ne  interesting  check  on  the  radar 
is  a  dome  camera  which  is  used  to  de- 
termine the  fraction  of  the  sky  that  is 
clouded.  A  silvered  hemisphere  is  placed 
flat  side  down  on  a  platform  and  a 
camera  is  suspended  over  it.  The  pho- 
tograph taken  by  the  camera  shows  the 
entire  sky  at  once  and  thus  the  amount 
of  cloudiness  can  be  determined  and  com- 
pared to  that  seen  by  the  radar  set.  A 
sodium  particle  counter  is  in  operation 
which  uses  dishes  of  some  jellied  ma- 
terial. The  dishes  are  exposed  to  a  cer- 
tain quantity  of  air.  Later  analysis  shows 
how  many  sodium  ions  per  cubic  foot 
exist  in  the  air.  This  information  is 
particularly  valuable  near  coastal  re- 
gions where  it  is  known  that  such  ions, 
originating  from  the  ocean,  act  as  con- 
densation nuclei  for  water  droplets.  The 


26 


THE  TECHNOGRAPH 


effect  of  such  ions  on  condensation  in- 
land has  not  been  determined,  but  this 
liresent  study  is  expected  to  yield  some 
interesting  results. 

It  has  been  found  that  the  effect  of 
drop  size  on  radar  reception  has  been 
the  worst  difficulty  in  so  far  as  accurate 
measurement  of  rainfall  is  concerned. 
.Analysis  shows  that,  roughly,  the  quan- 
tit\'  of  radiation  reflected  is  proportional 
to  the  sixth  power  of  the  diameter  of  the 
rain  drops.  However  an  equally  import- 
ant factor  is  the  shape  of  the  drops — 
ideally  spherical  or  a  shape  that  reflects 
less  radiation.  It  is  also  known  that  ice 
particles  in  the  form  of  snow,  sleet,  and 
hail  do  not  reflect  as  much  energy  due 
tu  the  fact  that  they  are  not  usually 
spherical.  The  Meteorlogic  Laboratory 
uses  a  high  speed  camera  to  photograph 
the  drops  during  rainstorms.  Pictures 
are  taken  every  few  seconds  for  the  en- 
tire length  of  the  storm  in  order  to  give 
a  large  enough  volume  of  rain  so  that 
statistical  methods  may  be  used.  While, 
as  hoped,  no  relation  between  raindrop 
size  and  intensity  of  rainfall,  /.c,  the 
number  of  inches  per  hour,  has  been 
found,  it  is  believed  that  specific  types 
of  weather,  such  as  thunderstorms,  cold 
fronts,  and  warm  fronts,  individually 
affect  the  size  of  the  drops.  Before  the 
advent  of  the  high  speed  camera,  drop 
size  was  determined  by  allowing  the 
drops  to  fall  on  a  pan  of  flour  onto  a 
sheet  of  absorbent  paper.  In  the  former 
method,  the  size  of  the  ball  of  flour 
produced  determined  the  size  of  the 
drop  ;  in  the  latter  method,  the  area  of 
stain  determined  the  size  of  the  drop. 
In  both  methods  the  measurement  was 
very  rough  and  had  the  disadvantage 
that  the  shape  of  the  drop  was  still 
unknown. 

An  area  of  about  ninety-nine  square 
miles  located  some  thirty  miles  north 
and  west  of  the  airport  is  used  to  study 
the  ability  of  radar  to  determine  the  in- 
tensity of  rainfall  by  energy  methods. 
This  area  was  supplied  with  fifty  rain 
gauges  to  check  the  radar  measurements. 
This  area  is  marked  on  one  of  the  os- 
cilloscope faces  at  the  Laboratory.  When 
preciptation  occurs  in  this  area,  a  phe- 
nomenon that  can  easily  be  determined 
by  the  brightness  of  the  scope  image,  a 
small  light  sensitive  vacuum  tube  goes 
into  action  and  records  the  area  of 
brightness  by  means  of  a  digital  area 
integrator.  The  brightness  of  the  image 
l^  determined  both  by  the  intensity  and 
the  drop  size  of  the  rainfall,  factors 
which  the  integrator  can  compensate  for. 

Radar  Equipment  and  Techniques 

The  design  of  a  radar  .set  for  use  in 
llh^erving  weather  phenomena  is  neces- 
sarily a  compromise  of  many  features. 
I'or  best  reception  of  rain  clouds  at  large 
distances  a  narrow  beam  width  of  the 
signal  is  desirable.  The  size  and  weight 


of  the  antenna  necessary  for  such  a 
beam  width  is  the  principal  factor  here, 
for  the  wider  the  "bedspring,"  the  nar- 
rower the  beam  can  be  made.  However, 
the  bigger  the  antenna  gets,  the  more 
weighty  it  becomes,  necessitating  strong- 
er structures  to  withstand  the  added 
strain.  Long  range  is  necessary  for  ade- 
quate forecasting  along  with  as  little 
attenuation    of    the    signal    strength    as 


tube  in  phase  with  the  rotation  of  the 
antenna.  The  effect  of  this  operation  is 
to  produce  a  pattern  on  the  scope  which 
is  brightened  by  the  passing  of  the  sweep 
and  which  depends  upon  the  persistance 
of  the  phosphor  of  the  oscilloscope  to 
maintain  the  image  after  the  sweep  has 
passed.  Another  scope,  the  Range  Height 
Indicator  or  RHI,  indicates  the  height 
abo\e  ground  of  the  \arious  cloud    for- 


High  speed  photograph  of  the  largest  raindrop  observed  at  the  Meteor- 
ologic  Laboratory.  This  drop  measures  10.4  by  7.6  millimeters. 


possible.  This  consideration  adds  to  the 
size  and  complexity  of  the  electronic 
apparatus  itself  along  with  the  power 
requirements  for  such  clear  reception. 
The  wave  length  of  the  radar  signal  to 
be  used  is  an  additional  problem.  A  very 
short  signal  wavelength  produces  very 
fine  detail  but  is  easily  attenuated.  Such 
a  wavelength  will  clearly  show  nearby 
clouds  in  great  detail  but  will  fail  to 
indicate  the  presence  of  any  clouds  be- 
hind them.  The  controlling  factor  be- 
hind all  of  the  above  considerations  is 
the  cost  of  the  equipment,  which  is  di- 
rectly related  to  the  range,  detail,  and 
accuracy  necessary  for  a  particular  in- 
stallation. 

There  are  usually  three  types  of  indi- 
cating oscilloscopes  associated  with  any 
weather  radar  installation.  One,  the 
Plan  Position  Indicator  or  PPI  scope 
actually  produces  an  image,  as  if  viewed 
from  above,  of  a  large  area  around  the 
antenna  as  the  center.  A  rotating  an- 
tenna is  used  with  this  scope  that  sweeps 
out  a  complete  circular  area  around  the 
antenna  every  few  seconds.  The  scope 
sweep,  the  magnetic  field  that  moves 
the  electron  beam  in  the  oscilloscope 
tube  across  its  face,  is  produced  by  two 
electromagnets    that    rotate    around    the 


Illations  at  an\'  particular  azimuth.  For 
this  scope,  an  antenna  that  bobs  up  and 
down  along  any  particular  azimuth  is 
used.  The  scope  sweep  does  a  similar 
operation,  so  that  the  scope  face  shows 
an  image  of  the  cloud  formations  as 
viewed  from  the  ground,  however  with 
a  much  expanded  vertical  scale.  The 
third  type  of  scope  can  take  a  particular 
area  seen  by  the  PPI  scope  and  expand 
it  to  give  great  detail.  This  scope,  which 
also  gives  a  picture  as  if  viewed  from 
the  ground,  is  put  into  use  when  the 
rotating  antenna  is  stopped  and  faces 
a   particular  direction. 

Observatio n al   Tech niques 

1  he  human  ob.server  at  the  radar 
scope  must  be  able  to  interpret  the  sig- 
nals he  receives  with  skill  since  radar 
tends  to  emphasize  some  phenomena 
while  minimizing  others.  Since  all  the 
observer  of  the  scope  (or  of  photo- 
graphs of  it)  has  as  indications  of 
weather  conditions  is  just  the  relative 
brightness  of  the  image,  misinterpreta- 
tions can  arise.  A  small  thunderstorm 
may  give  a  much  larger  signal  than  a 
similarly  shaped  cloud  precipitating 
snow.  In  general,  rains  with  large  drops 
gi\e  larger  signals  than  heavy  rains  with 
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smaller  drops.  As  mentioned  before,  ice, 
snow,  sleet,  and  hail  will  give  onl\ 
one-tifth  the  return  signal  that  most 
rain  will  produce.  Heav\',  non-precipitat- 
ing clouds  will  teml  to  sliield  weather 
conditions  behind  them  wiiile  clouds 
preciptating  snow  will  not  cause  nearly 
the  same  signal  attenuation.  For  large 
objects,  the  signal  strength  returned  is 
roughly  proportional  to  the  reciprocal 
of  the  distance  squared  between  the  an- 
tenna and  the  object.  This  return  signal 
strength  occurs  with  the  object  occupy- 
ing the  whole  width  of  the  beam  as  the 
beam  passes  it.  A  small  object,  on  the 
other  hand,  will  return  a  signal  strength 
approximateh'  proportional  to  the  re- 
ciprocal of  the  distance  to  the  fourtli 
power.  Huildings  in  the  nearby  area  can 
block  off  areas  of  space  if  they  are  taller 
than  the  radar  antenna.  Buildings  can 
also  reflect  the  signal  going  out  ami 
coming  back  so  as  to  produce  cloud 
images  in  parts  of  the  sky  where  rhe\ 
do  not  exist.  The  magnitude  of  the  re- 
ceived signal  is  also  proportional  to  the 
square  of  the  wavelength,  so  that  higher 
frequencies  produce  less  return  than  the 
lower  frequencies.  The  usual  range  for 
most  radar  sets  when  transmitting  over 
land  is  less  than  seventy-five  miles,  while 
over  water  the  range  is  greater  than 
one  hundred   miles. 

Results 

While    radar    is    a   very    useful    tool, 


Radar  PPI  photographs  of  the  tor- 
nado that  passed  by  Champaign- 
Urbana  last  April.  The  long  tail 
projecting  from  the  cloud  is  the 
funnel   of  the   twister. 

it  is  still  in  the  experimental  stage  in 
so  far  as  weather  prediction  is  con- 
cerned. It  can  only  achieve  full  useful- 
ness when  used  with  the  usual  maps 
and  charts  employed  by  the  weather 
men — surface  synoptic  charts,  upper  air 


charts,  and  adiabatic  diagrams.  Its  abil- 
it\'  to  produce  an  extremely  detailed 
three  dimensional  precipitation  pattern 
thru  thousands  of  cubic  miles  has  made 
it  particularly  advantageous  in  indicat- 
nig  the  stability  of  air  masses,  the  freez- 
ing level  of  clouds,  the  presence  of  ver- 
tical convection  currents,  the  motions  of 
clouds,  and  the  degree  of  overcast  in 
small  areas.  Its  most  practical  applica- 
tion at  the  present  time  is  in  conjunc- 
tion with  airfields  where  it  can  indicate 
roughlv  the  wind  speed  at  high  altitudes, 
the  visibility  near  the  airport,  and  the 
ceiling  at   the   airport. 

An  accurate  estimate  of  the  present 
abilities  of  radar  in  the  field  of  rainfall 
measiuement  can  be  made  by  observing 
that  while,  at  the  present  time,  there  is 
in  the  United  States  about  one  rain 
gauge  for  every  four  hundred  square 
miles  of  territory,  the  use  of  radar  has 
indicated  that  if  applied  extensively,  this 
figme  could  be  reduced  to  a  rain  gauge 
or  its  equivalent  every  two  hundred 
square  mdes. 

It  is  not  difficult  to  imagine  that  the 
future  potentialities  of  "radarized" 
weather  prediction,  coupled  with  the 
other  possible  advances  in  the  field  as 
mentioned  here,  may  well  advance  the 
accuracy  of  weather  prediction  to  the 
idealized  one  hundred  per  cent  mark 
so  much  desired  by  the  picnickers,  and 
the  baseball  fans  of  the  world. 


MATERIALS-HANDLING  EQUIPMENT 

THAT  SPEEDS  WORK,  SPARES  MEN,  SLASHES  COSTS 

No  other  Mobile  Crane  of  this  type  has  all  the  features  of 
KRAN£  KAR.  More  goes  into  KRAN£  KAR  ...  you  get  more 
out  of  KRANE  KAR  .  .  .  more  speed,  more  work,  more  safety. 
Loads  and  Unloads  freight  cars,  trucks,  trailers  .  .  .  Stacks  and 
Stores  .  .  .  expedites  Plant  Maintenance. 

KRANE  KAR  handles  steel  stock  and  forms  of  any  shape  or 
size  within  capacity  (or  scrap  when  equipped  with  magnet); 
transmission  cases,  motors,  crankcases,  transformers,  etc.  Works 
in  tight  quarters,  low  headroom,  up  and  down  ramps  .  .  .  any- 
where, in  plant  or  yard.  Often  cuts  handling  costs  to  8;^  a  ton.* 

Safest  Crane  in  its  class,  minimizing  injury  risks  to  men, 
materials,  machine.  Se/f-Stab///z/ng;  dangerous  use  of  jacks 
or  stabilizers  eliminated.  Automatic  Power  Cut-Off  ot  ex- 
treme positions  of  Boom-Swing  or  Topping.  Automatic 
Braking  of  Load  and  Boom  Lines.  No  Tail-Swirtg:  no  part 
of  Crane  passes  over  operator's  head. 


clomshell  bucket,  and 
s  dvailoble.  Ask  for 
Helm    *:79. 

USfRS  Genera/  Mofors,  Befhl 
eel,  Todd  Shipyords;  Boeing;  G< 
Ectrk;   duPonf,  Pul/mon   Slandorc 


Pioneers    of  Heavy    Duty    Moterials-Hondting    Equipment    and    Mfrs.    of 

Heovy   Duty  Fork    LIFTRUKs;    Crones,   Copstons,   ond    Winches   for    Motor 

Trucks     .     .  .     "SILENT   HOIST"   Cor   Pullers    and    Borge   Movers. 

I  895    63RD    ST.,    BROOKLYN    20,    NY.  ' 


How  to  lick 

dust,  moisture  and  acid  fog 

prevalent   in    the   atmosphere    surrounding   the 
Rumford,  Me.,  mill  of  the  Oxford  Paper  Company 
posed  a  problem  in  power  circuit  maintenance.  The 
combination  of  these  elements  caused  wooden 
structures  and  even  ovcr-voltage   insulators   to 
become  conducting,  resulting  in  phase-to-phase  flashovers 
and  burndowns  when  ordinary  overhead  wires  were  used. 

The  solution  of  this  serious  problem  was  found 
by  substituting  Okolite-Okoprene  Self-Supporting  Aerial 
Cable  for  the  open  wires.  According  to  company  officials,  the 
combination  of  Okoliie  high  voltage  moisture  and  heat  resisting' 
insulation,  protected  liy  non-conducting  weather  and  chemical 
resistant  Okoprene  sheathing,  has  eliminated  this  trouble. 

•     •     •     •  ^ 

Tough  jobs  are  the  true  test  of  electrical  cable  .  .  .  and  ' 

installations  on  such  jobs  usually  turn  out  to  be  Okonite. 

,  O  .1^  w  N  I  T  B  rf^rii^  insulated  wires  ond  cables 
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NESDED—  A  NI^W  APPROACH f 


A|V^•:^':;^•;:.■;;;■•}Vi-^,,.;;:l;:;;::};:■•;;■H^^ 

HE  HAD  ONE 


We're  looking  for  young  engineers — engineers  with 
new  ideas — engineers  who  can  visualize  the  practi- 
cality of  today's  research  and  evolve  from  it  the 
aircraft  of  tomorrow. 

It  is  this  type  of  thinking  that  has  enabled  the 
McDonnell  engineering  team  to  design  and  develop 
such  hallmarks  of  aviation  as  the  "Phantom",  first 
twin-jet  carrier  based  fighter  plane,  and  the  now 
famous  "Banshee"  series  of  Navy  jet  fighters. 

Today,  McDonnell  engineers  are  engaged  in  a 
variety  of  projects  concerning  airplanes,  helicopters 
and  guided  missiles.  We  are  always  interested  in 
new  talent — young  men  wilh  a  new  approach. 

If  you're  looking  for  our  type  of  engineering 
— we're  looking  for  you.  Check  your  Place- 
ment Office  for  dates  when  the  McDonnell 
representative  will  visit  your  school —  or 
write  to: 

Technical  Pl.\cement  Supervisor 
Box  516,  St.  Louis  3,  Missouri 


JACK  R.  SNYDER 
Design  Engineer — Helicopter  Engineering  Division 
S.  B.  A.  E.  Purdue  University  '46 

As  a  Group  Leader  in  our  Helicopter 
Design  Department,  Jack  has  made  sig- 
nificant contributions  toward  M.  A.  C. 
helicopter  development  projects.  Most 
noteworthy  has  been  his  work  concerning 
the  adoption  of  hydraulic  power  controls 
to  helicopters  and  convertiplanes. 

Jack  joined  the  McDonnell  engineering 
team  soon  after  his  graduation  from  Pur- 
due in  1946.  He  is  shown  above  inspecting 
one  of  the  control  panels  in  our  recently 
completed  Helicopter  Laboratory.  We 
need  more  young  engineers  like  Jack 
Snyder — engineers  with  a  new  approach. 


BUILD  YOUR  FUTURE  WITH  A  COMPANY  ....  YOUNG  IN  YEARS,  YOUNG  IN  SPIRIT  AND  IDEAS 


MCDONNELL 


-y^zimu/axi^iiAe/id 


otatUm 


AIRPLANES  ANDC/^HELICOPTtRS  *  ST.LOUIS   3,MQ 
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Every    football    team    has    its   own    team    of    strategists.    Here    lllini    coach 
Ray  Eliot  checks  the  situation   during   a  game. 


#= 


Illinois'  speedster,  J.  C.  Caroline  (27)  rolls  around  end  for  a  gain  against 
Stanford,  but  Stanford's  Jerry  Gustafson  (19)  tries  to  slow  him  down 
a    bit. 


The  Fi 
lllin 


compiled  by  Howcl{ 
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End   Rocky  Ryan  (83)  moves  downiJI 
Cook  (25  of  Stanford  close  on  his  « 


Everyone's   after   that   elusive   footk 
a  pass  to  Rocky  Ryan  (83)  in  the  li 
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jhting 
'53 


ladler,  Ag.E.  '55 


vj-StejH  ,4-^.'-^* 


(after  snagging  a   pass,  with   Ron 


lini  football  captain  Bob  Lenzini  (62)  greets  the  captain  of  the  Stanford 
Indians,    Norm    Manoogian    (60)    before    the    Illinois-Stanford    game. 


The  lllini  football  team  charges  onto  the  field  prior  to  the  start  of  the 
Illinois-Minnesota  game.  Identifiable  players  are  Paul  Furimsky  (89), 
Gus  Mackris  (73),  Dick  Rosenberg  (31),  Hugh  Woodson  (46)  and  Ron 
Yochem  (50). 


EIry   Falkenstein    (12)    attempts 
•Stanford  contest. 


<mm:.. 

,♦{!■  photographers 
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Richard  J.  Conway,  Lehigh  '51,  selects 
Manufacturing  Engineering  at  Worthington 


After  completing  his  general  training  wliich  brought  him  in 
contact  with  all  departments,  Richard  J.  Conway  decided  that 
manufacturing  engineering  was  his  field.  He  says,  "I  chose  the 
Manufacturing  Engineering  Department  after  completing  my 
general  training  at  Worthington  because  as  a  graduate  in  In- 
dustrial Engineering  I  can  learn  the  practical  aspects  of  my 
field  while  applying  theory  I  learned  in  college. 

"The  personnel  of  this  department  work  together  as  a  team 
toward  the  solution  of  the  numerous  problems  which  arise 
daily.  We  have  the  cooperation  of  all  other  departments  in  the 
corporation  in  getting  the  necessary  facts  pertinent  to  the  solu- 
tion of  these  problems.  In  the  course  of  our  day  it  may  be 
necessary  for  us  to  meet  the  Plant  Manager,  Chief  Engineer, 
Comptroller,  several  department  heads,  clerks,  foremen,  ma- 


FOR  ADDITIONAL  INFORMATION,  see  your  College 
Placement  Bureau  or  write  to  the  Personnel  and  Training 
Department,   Worthington   Corporation,  Harrison,  N.  J. 


chinists  and  many  others  throughout  the  company. 

"I  have  contributed  to  the  solution  of  many  problems  han- 
dled by  this  department  including  metal  spraying,  machining 
procedures,  purchasing  new  equipment  and  designating  proper 
dimensions  to  obtain  desired  fits  between  mating  parts. 

"I  enjoy  my  work  because  I'm  doing  the  work  I  want  and 
my  formal  education  is  being  supplemented  with  practical 
knowledge  gained  from  the  tremendous  wealth  of  knowledge 
available  to  me  at  Worthington.  I  know  from  personal  contact 
with  many  other  departments  in  the  Corporation  that  Wor- 
thington can  and  will  find  their  young  engineers  a  spot  which 
will  give  them  the  same  opportunities  as  have  been  aftbrded  me." 

When  you're  thinking  of  a  good  job,  think  higli — think 
yVortliinirfnn. 


WORTHINGTOH 


The    Sign    of    Value 
Around    the    World 
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MODERN  FARMERS  like  J.  A.  Parks  of  Maloy,  Iowa, 
using  tlie  gang  plow  above,  can  produce  much  more  in 
much  less  time  than  the  farmer  of  just  a  few  years  ago. 
In  t"he  horse- powered  days  of  farming  it  took  as  many 
as  35   man-hours  to  produce  and  harvest  an  acre  of 


torn.  Now,  on  many  mechanized  farms,  it  is  done  in 
fewer  than  11  man-hours.  In  addition,  the  shift  from 
animal  power  to  machine  power  released  about  72,000,- 
000  acres  of  cropland  from  producing  feed  for  horses 
and  mules    to  producing  food  for  the    nation's  tables. 


WHAT  EVER  HAPPENED 
TO  THE  MAN  BEHIND  THE  PLOW? 


The  "man  behind  the  plow"  is  still  very  much 
in  the  picture,  but  he's  up  front  now.  And  because 
he  is,  you  and  your  family — even  the  world — are 
better  fed  today. 

Not  many  years  ago  the  American  farmer  walked 
behind  the  old  horse-drawn  plow,  worked  longer 
hours  and  produced  much  less  than  he  does  today. 
But  that  was  before  the  development  of  the  "hired 
hands"  that  never  tire — the  tractors,  trucks  and 
implements  which  do  the  work  of  many  men,  and 
the  petroleum  fuels  and  lubricants  which  keep  them 
running. 

In  the  last  50  years  or  so,  while  America's  popu- 
lation was  growing  from  75,000,000  to  more  than 
150,000,000  a  remarkable  change  was  taking  ])lace 
in  agriculture.  Today  8,000,000  fewer  jiersons  on 
America's  farms  are  producing  food  for  75,000,000 
more  Americans. 


Yet  America  has  never  been  better  fed.  It  has 
never  been  better  equipped  to  export  needed  foods 
to  other  countries  for  normal  requirements,  or  to 
combat  famine — an  ally  of  communism — wherever 
it  appears. 

Never  have  so  few  fed  so  many  so  well. 

To  help  make  ours  a  more  abundant  land. 
Standard  Oil  pioneered  in  delivering  petroleum 
products  right  to  the  farmers'  doors  in  the  quan- 
tities needed  and  at  reasonable  prices.  This  on- 
the-spot  delivery,  started  way  back  in  1910,  was 
vital  to  the  rapid  growth  of  mechanized  farming  in 
the  Middlewest— one  of  the  most  productive  agri- 
cultural regions  in  the  world. 

So  many  rural  customers  have  learned  to  de- 
pend on  Standard  Oil  products  and  services  that 
we  now  serve  far  more  Midwestern  farmers  than 
any  other  oil  company. 


Standard  Oil  Company 

910  South  Michigan  Avenue 


Chicago  80,  Illinois 


(standard) 
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he  is  a  member  of  the  Engineering 
Council  and  is  vice  president  of  ASAE, 
of  which  he  was  treasurer  last  year. 
Ami,  of  course,  Howie  is  one  of  the 
ni.iinstays  of  the  Tech  staff,  having 
joined  in  his  freshman  year  and  being 
illustrations  editor  last  year.  His  hobby, 
when  he  finds  time,  is  making  model 
.iirpiaiies. 

Last  summer  Howie  spent  an  inter- 
esting six  weeks  at  the  Army  R.O.T.C. 
camp  at  the  Aberdeen  proving  grounds 
in  Maryland.  His  future  is  still  uncer- 
tain except  for  a  forthcoming  two-year 
arm\  term.  H  he  receives  his  commis- 
sion in  June  he  nia\'  decide  to  enter  the 
army  then  instead  of  waiting  until  he 
graduates.  After  his  army  service, 
Howie  has  several  possible  jobs  in  mind. 
He  is  interested  mainly  in  saleswork, 
public  relations,  and  technical  writing 
or    publishing.    This    last    interest   stems 


by  Tom  Brody,  M.E.  '56,  Donna  Rudig,  E. Physics  '57 
and  Don  Kesler,  E.E.  '56 


DEAN  WENDELL  E.  MILLER 

Dean  Miller  came  to  the  University 
of  Illinois  twenty  years  ago  after  hav- 
ing attended  Blackburn  Junior  College, 
a  work-\our-way  institution  in  Carlin- 
ville,  Illinois.  With  five  dollars  in  his 
pocket,  he  got  three  jobs  for  room, 
board,  and  cash  and  continued  in  this 
manner  until  he  received  his  Electrical 
Engineering  degree  in  June,    1936. 

After  graduation  Dean  Miller  worked 
for  Northern  Indiana  Public  Service 
Compain  and  Hell  Telehpone  Labora- 
tories  for   five   \ears. 

In  I'm.  he  returned  to  his  alma 
mater  as  an  instructor  in  the  electrical 
engineering     department.     During     the 


»^ 


war,  Dean  Miller  served  as  a  radar 
officer  for  the  U.  S.  Navy.  Once  again 
he  returned  to  the  E.  E.  staff  and  re- 
ceived his  master's  degree  in  August, 
1946.  In  1947  he  received  his  assistant 
professorship  and  became  associate  pro- 
fessor in    1950,   at   which   time  he   also 
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became  assistant  dean  of  the  college  of 
engineering. 

He  was  married  in  1941  and  has  two 
daughters,  B'Ann,  10,  and  Janet  Sue, 
6.  His  hobbies  are  color  photography 
and  all  types  of  sports.  He  once  played 
on  a  championship  high  school  baseball 
team,  and  still  thinks  baseball  is  the 
most  scientific  of  all  team  sports. 


HOWIE  HADLER 

A  familiar  face  to  most  engineerint: 
students  is  that  of  Howie  Hadler,  as- 
sociate editor  of  the  Illini  Tcilinograph. 
In  1950  he  graduated  from  Rantovil 
Township  H.  S.,  where  he  had  been 
a  member  of  the  football  squad  and  be- 
longed to  the  band.  Howie  is  also  an 
experienced  farmer,  having  been  raised 
on  a  farm,  and  was  an  active  4-H  mem- 
ber for  fi\e  \ears. 

Howie  is  in  Ag.  Eng.  and  intends 
to  receive  his  B.  S.  in  February  '55. 
Being    active    in    engineering    activities. 


BOB  LENZINI 

The  Engineering  College  proudly  in- 
troduces Bob  Lenzini,  a  civil  engineer, 
to  the  students.  Bob  is  a  senior  in  en- 
gineering as  well  as  the  popular  role 
of  the  captain  of  the  football  team.  He 
is  taking  the  construction  option  of  the 
curricuhmi. 

This  fine  product  from  Waukegan 
high  school  is  playing  his  third  varsity 
season  this  year  as  captain  of  the  Fight- 
ing Illini  football  team.  He  says  prac- 
tice from  3 :30  until  6  o'clock  every 
evening  is  not  bad  after  you  get  accus- 
tomed to  it. 

Lenzini's  amazing  line  play  during 
the  1952  Michigan  game  caused  him  to 
be  named  "Lineman  of  the  Week"  by 
national  sports  writers.  The  critics  were 
almost  unanimous  in  exclaiming  "Len- 
zini was  superb.  " 

Bob  Lenzini  was  introduced  in  the 
February  issue  of  The  Illinois  Ttchno- 
grfipli.  but  since  then  he  has  made  an 
addition  to  the  familv,  a  prett\'  wife. 
Doi-is. 
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What's  Happening  at  CRUCIBLE 


abnut  MX  HUjH  .STEOJ  tool  bits 


Many  millions  of  REX  High 
Speed  Tool  Bits  have  heen  produced, 
in  recent  years,  at  Crucible's 
Sanderson-Halconib  Works,  Syracuse,  New  York. 
Our  Tool  Bit  Department  is  actually  a 
manufacturing  plant  in  itself,  where  production 

is  counted  in  pieces— in  sharp  contrast  to  the 
larger  production  units  of  most  other 

phases  of  steelmaking. 
REX  High  Speed  Tool  Bits  are  made  from  high 
quality  high-speed  steel  bar  stock,  produced  at 

Crucible's  Sanderson-Halcomb  Mill.  Bars  are 
cut  to  tool  bit  lengths,  heat-treated,  grit- 
blasted  or  ground,  and  inspected. 


HARDENING  -  Small  batches  of  REX  High  Speed  Tool  Bits  arc  liardeneJ 
in  modern  salt  bath  furnaces.  The  bits  are  ihcn  quenched  in  eillier  salt  or  oil. 


TEMPERING    -   I.  ni|M  lin-    i.   .\.,,v    In   . 
All  ..I   111.-  -I.ps  illu-lral.d   li.il.  i"-"r.-  .1  ." 
maximum  red  hardness,  luughncss  anil  ahra: 
sary  for  continuous  high  cutting  efficiency. 


air  fur 
imhination  of 
istance  neces* 


^^""^PHUbiiJ 


TUMBLING  -  Trior  lo  inspection  and  packaging,  RL\  High 
Speed  Tool  Bits  are  cleaned  by  tumbling. 


CRUCIBLE 


Od>  pea/td  o^  \c/c*ie\  STke£»ui^^.cfia. 


STOCKS  -  RE\  Hi?h  Speed  Tool  Bits 
packages  in  Crucible's  warehouses. 

IflnTorill/ty  Each  individual  REX  High  Speed 
Tool  Bit  possesses  the  same  uniform  high  quality. 
Each  hit  is  inspected  by  the  magnetic  particle  method 
.  . .  and  representative  bits  are  tested  for  microstruc- 
ture  and  hardness.  These  tests  control  quality  of  the 
finished  product  .  .  .  insure  that  REX  bits  will  give 
higher  production  from  each  grind,  and  a  minimum 
of  "down-time"  oti  your  machitie. 

Criififa/e  £ii!»ineer;ii<^  Serv/ie  /Ivaihibie 

Crucible  engineers  are  available  to  work  with  you 
in  the  selection  of  the  proper  REX  grade  for  highest 
cutting  efficiency  on  your  i)articular  job. 


first  name  in  special  purpose  steels 


CRUCIBLE  STEEL  COMPANY  OF  AMERICA,  GENERAL  SALES  OFFICES,  OLIVER  BUILDING,  PITTSBURGH,  PA. 

Midland  Works,  Midland,  Pa.         .         Spaulding  Works.  Harrison,  N.  J.         .         Park  Works,  Pittsburgh.  Pa.  •  Spring  Works.  Pittsburgh.  Pa. 

National  Drawn  Works,  East  Liverpool,  Ohio       •      Sanderson-Halcomb  Works,  Syracuse,  N.Y.       •       Trent  Tube  Company,  East  Troy,  Wisconsin 
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ECMA 


CONVENTION 


by 

Martin  Goldstein, 
Chem.E.  '55 


'^"ii^^^ 


i 


Professor  Harry  J.  Fuller  who  spoke 
on  "Origin  of  Cultivated  Plants"  at 
E.C.M.A.  banquet. 


Tom    Brody    of    the    Illinois    Technograph,    greets    two    delegates    to    the 
E.C.M.A.   convention   as  they  register  for  the  two-day  event. 


.AJthoiigli  oui'  aniiiial  coincntioii  lias 
been  over  tor  two  months  we  still  be- 
lieve we  are  entitled  to  toot  our  own 
horn  a  little  bit.  As  an  apology  (maybe 
\ou  could  call  it  an  excu.se)  for  the 
article  not  being  in  the  last  issue  it  can 
be  blamed  on  the  fact  that  the  (October 
issue  went  to  press  before  the  conclusion 
of   the  convention. 

The  1953  convention  of  the  Kngin- 
eering  College  Magazine  Associated  was 
held  here  at  the  I  niversity  of  Illinois 
with  the  mini  Union  Huilding  as  main 
headquarters.  Opening  of  the  convention 
consisted   of  an   informal  dinner  in  the 


I  iiion  and  a  film  and  smoker  'Jliursda\ 
night,   September  24. 

Actual  convention  business  started  on 
Friday  morning  with  the  opening  busi- 
ness meeting.  Professor  John  Paustian, 
retiring  chairman  from  Nebraska,  opened 
the  meeting  with  a  greeting  to  the  as- 
sembled delegates  from  schools  from 
New  York  to  North  Dakota.  In  his 
opening  remarks  he  mentioned  the  bud- 
get of  the  association  and  the  resignation 
of  the  editorial  critic  foi'  the  last  two 
years,  Theodore   Hayden. 

Friday  afternoon  saw  the  convention 
roll   into  really  high  gear.  At  this  time 
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"MARTY"  GOLDSTEIN  has 
been  on  the  staff  for  tiio 
ycors  ond  is  attempting  to 
serve  os  editor-in-chief. 
Morty  lives  in  University 
City,  Missouri,  and  hopes 
to  get  his  B.S.  in  chemical 
engineering    in    1955- 


Jiscussiun>  \M-n'  held  on  niatters  pertain- 
ing to  editorial,  business,  layout  and 
art,    and    circulation    matters. 

In  the  art  and  layout  meeting  chair- 
maned  by  Professor  Bohl,  adviser  of  the 
Tcchnograph.  such  problems  as  the  sys- 
tem used  in  putting  the  magazine  to- 
gether and  best  effect  for  reader  interest 
and  attention  to  advertisements  were 
Jiscussed.  Also  discussed  was  the  problem 
i{  "cheesecake   pictures"    in   engineering 


The  panel  discussion  on   illustrations  and   loyout,  one  of  four  panel   dis- 
cussions  held  during   the  first  day  of  annual   E.C.M.A.   convention. 


mm 

tiiti 


Knight  of  the  Electrical  Engineering 
Department  served  as  toastmaster  and 
Dean    Everett   of   the   college   of   engin- 


III! 
III! 


The    group    picture    of    E.C.M.A.    del 
vention   held  on  the  University  of  II 


egates    to    the    annual    E.C.M.A.    con- 
linois  campus  September  25  and   26. 


eering  issued  a  few  words  of  greeting 
to   the   assembled   delegates. 

"And  a  good  time  was  had  by  all" 
at  the  semiformal  dance  given  in  the 
Union  Building  the  last  night  of  the 
convention.  The  dance  was  held  from 
9  to  12  with  music  supplied  by  Paul 
Kerns   and   his   orchestra. 

The  main  portion  of  the  official  busi- 
ness of  the  convention  was  taken  care 
of  at  the  general  busine.ss  meeting  held 
Saturday  morning.  At  this  meeting  the 
chairman  and  secretary  of  ECMA  for 
the  next  two  years  were  elected.  Profes- 
sor William  Farrell  of  Iowa  University 
was  elected  chairman  and  Professor 
Merk  Hobson  of  the  University  of 
Nebraska  was  elected  executive  secre- 
tary. Thanks  were  given  to  Professor 
Paustian  and  Mr.  Hayden  for  their 
work  in  the  last  two  years. 

After  the  convention  most  of  the  dele- 
gates adjourned  to  the  Illinois-Nebraska 
football  game  in  which  they  sat  in  their 
own  section. 


magazines.  Several  different  views  were 
expressed  on  this  subject. 

Editor's  note?,  II  i  of  the  Tcchno- 
graph uould  (ipprcciatc  your  views 
on  this  subject.  Also,  if  you  are  in 
favor  of  running  said  type  of  arti- 
cles, uould  you  please  inform  us 
as  to  ivhat  vein  you  icould  Hie  to 
see  the  articles  in. 

Dr.  Merk  Hobson  of  the  L  niversit\ 
of  Nebraska  took  charge  of  the  editorial 
meeting.  Main  issue  discussed  was  of  an 
idea  submitted  at  last  year's  convention. 
This  iinohed  asking  prominent  men  in 
the  engineering  field  for  articles  to  he 
published  simultaneously  in  all  ni.iga- 
zines  of  the  association.  One  of  the 
fruits  of  this  idea  was  the  article  h\ 
Herbert  Hoover  {re  Technograph.  A pnl 
1953).  It  has  been  found  that  it  is 
exceedingly  difficult  to  get  this  t\pe  of 
article  but  work  on  it  will  be  continued. 

Friday  evening  the  banquet  was  held 
with  Professor  Fuller  of  the  Illinois 
Botany  Department  as  speaker.  "Buck" 


The   joint  editorial-business   panel   discussion    held   during   the  first  after- 
noon  of   the   E.C.M.A.   convention. 
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new  tool  for  lightning-fast 
calculatioi 


Resembling  a  Chinese  abacus,  this  12-inch 
electronic  assembly  operates  at  a  speed  of  one 
million  pulses  a  second.  It  is  one  of  274  similar 
electronic  units  that  perform  the  computing  and 
control  functions  of  IBM's  great  new  "701" 
Electronic  Data  Processing  Machines. 

These  extraordinary  machines  are  providing 
the  nation's  defense  projects  with  the  most 
flexible  and  productive  computer  ever  manufac- 
tured in  quantity. 

In  every  field  of  business,  IBM  machines  re- 
duce the  drudgery  and  increase  the  speed  and 
accuracy  ofcompuiing  and  accounting  operations. 


IBM 


INTERNATIONAL    BUSINESS    MACHINES 
5')0    Madison    Avenue,    New    York    22,   N.    Y. 


Principal    eiiojneerino    lahoralories    and   manufacturing 

operations  at  Endicott  and  Poiiohkeepsie.  AVw  York,  and 

5.J«  Jose,  California. 
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A  World  of      J 
Expanding 

Opportunity! 


In  a  land  noted  for  rapid  expansion 
of  free  industrial  enterprise,  few 
companies  have  matched  the  swift 
and  continuing  growth  of  the 
Reynolds  Metals  Company.  Now  op- 
erating 27  plants  in  13  states,  and 
still  expanding,  Reynolds  offers  the 
ambitious  engineering  graduate  a 
world  of  opportunity. 

Reynolds  operations  include  baux- 
ite mining  in  domestic  and  foreign 
locations... chemical  and  electrolytic 
processing  to  produce  aluminum  pig 
...sheet  rolling.  ..drawing  and  ex- 
trusion of  mill  and  structural  shapes 
...foil  rolling  and  printing... pow- 
der and  paste  production... finished 
parts  and  products  fabrication.  In 
these  and  in  the  allied  sales  and  mar- 


keting operations  promising  careers 
exist  for  graduates  in  virtually  any 
phase  of  engineering. 

On-the-job  training  is  the 
Reynolds  policy  — after  preliminary 
orientation  which  may  include  basic 
experience  in  production  plants  for 
sales  personnel,  and  sales  office  work 
for  technical  trainees.  Liberal  insur- 
ance, hospitalization  and  retirement 
programs  are  maintained. 

For  important  background  infor- 
mation on  "your  future  in  Alumi- 
num," mail  the  coupon.  If  you  are 
definitely  interested  now,  write  direct 
to  General  Employment  Manager, 
Reynolds  Metals  Company,  3rd  and 
Grace  Streets,  Richmond  19,  Va. 


Tapping  one  of  huge  battery  of 
electrolytic  cells 


Sheet  rolling— reverse  hot  mill  in 
operation 


REYNOLDS  SI  ALUMINUM 


[Of  POUNDS 

,] 

1 

i-' 

poo 

! 

1 

.♦I 

' 

y  1 

^ 

►•  1 

j 

1 

.^ 

/ 

I 

^ 

J^ 

1 

r 

1 

1 

100 

^ 

^ 

j 

i" 

42                        1748                      l?S 

4    , 

Reynold!  •xponding  production  —  historic 
chapttr  in  33  years  of  continuing  growth. 


I_. 


Reynolds   Metals   Company,  employment  Dept. 
Richmond  19,  Virginia 

Please  $end  me,  FREE,  your  96-pa9e  booklel,  "The  ABC's  of  Aluminum"; 
also  the  44-page  book,  "Reynolds  Aluminum  .  .  .  and  the  Company  thot 
mokes  it." 

Name 


Address 
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The  Multistage 
Rocket 


by  Paul  LaViolette,  E.E.  '55 


To  attain  release  from  the  earth,  an 
object  must  exceed  a  velocity  of  23,2{)0 
feet  per  second  (roughly  four  times  the 
terminal  velocity  of  a  V-2  rocket).  The 
only  thing  as  \et  devised  capable  of  in- 
creasing acceleration  until  such  speed  is 
reached   is  the   rocket.   Following   New- 


M. 


PAUL     LAVIOLETTE      is 
lunior     ,n     elcctncol     cngi 
^  nccring.    His    present    hom 

IS  Champoign  although  h 
IS  originolly  from  Kencsha 
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ton's  Third  Law,  the  rocket  needs  no 
atmosphere  to  push  upon  and  is  capable 
of  continued  acceleration  as  long  as  it 
has  fuel.  Therefore,  to  reach  the  velocity 
desired,  large  quantities  of  fuel  must  be 
included  in  the  rocket.  It  is  this  mass 
of  the  fuel  and  its  container  added  to 
the  mass  of  the  rocket  which  has  pro- 
duced the  multi-stage  rocket.  When  the 
propellant  ui  the  multi-stage  rocket  is 
exhausted  from  a  single  stage  its  con- 
tainer is  jettisoned  and  the  next  stage 
fires  off  accelerating  from  the  velocity 
point  derived  from  the  previous  stage. 

To  attain  escape  velocity  from  the 
earth,  the  most  practical  multi-stage 
rocket  would  be  the  three-stage.  Power 
would  be  obtained  from  a  liquid  fuel 
such  as  hydrazine  and  nitric  acid.  To 
have  a  payload  of  say  30  tons  such  a 
rocket  would  have  a  length  of  2()()  feet 
(about  equal  to  a  15-story  building) 
and  a  maximum  diameter  of  about  65 
feet.  Considering  the  rate  of  airplane 
construction  today  this  does  not  seem 
overly  enormous  as  to  be  impractical. 

Let  us  take  as  an  example  a  rocket 
that  is  fired  in  such  a  way  as  to  put  it 
1070  miles  above  the  earth  in  a  satel- 
lite orbit.  If  fired  from  the  earth's 
equator  in  the  equatorial  plane  and  hav- 
ing the  sense  of  the  earth's  rotation, 
then  only  a  slight  increase  in  velocit\ 
in  the  direction  of  a  planetary  orbit  will 


cause   it   to   leave   the   earth's   orbit   and 
enter  the  planet's. 

First  Rocket  Stage 
The  first  rocket  stage  will  be  the 
largest  of  the  three ;  about  90  feet  high 
and  64  feet  indiameter.  It  will  weigh 
6400  tons.  Large  fins  for  support  and 
guidance  through  the  earth's  atmosphere 
will   be  included. 

Burning  time  for  the  first  stage  will 
be  84  seconds  at  which  time  an  altitude 
of  40  miles  will  have  been  reached.  At 
this  altitude  the  rocket  will  have 
ciianged  from  a  vertical  ascent  angle  to 
an  angle  of  elevation  of  20.5°.  The  ve- 
locity reached  at  this  point  will  be  7150 
feet  per  second. 

The  first  stage  will  be  jettisoned 
while  over  water.  The  use  of  a  water 
cushion,  a  streamer  parachute,  and  last 
minute  retarder  rockets  will  make  the 
first  and  second  stages  salvageable.  The 
streamers  of  the  parachute  must  be 
made  of  a  strong  metallic  cloth  to  pre- 
vent  their   being   destroyed    by   air    fric- 


CUT  OFF   FIRST  STAGE 


CUT  OFF.  SECOND 


ner  similar  to  the  first  stage.  As  an  im- 
portant economy  measure  such  salvage 
operations  will  be  essential  considering 
the  overall  cost  of  the  project. 

The  cut  off  velocity  of  this  stage  will 
be  19.260  feet  per  second.  Due  to  the 
constant  lowering  of  mass,  acceleration 
per  uiu'r  of  propellant  will  be  constant- 
1\    increasing. 

Third  Stage 

The  third  stage  containing  the 
crew  will  be  tlic  smallest  unit  of  the 
three:  less  than  40  feet  high  and  3l) 
feet  in  diameter.  F"iring  to  reach  the 
desired  orbit  position  should  take  73 
seconds.  However,  additional  firing  may 
be  needed  to  make  a  finer  adjustment. 
The  ship  will  now  have  reached  an  alti- 
tude of  1070  miles  and  will  be  just 
short  of  escape  velocity.  The  local  angle 
will  of  course  be  zero. 

At  this  height  the  rocket  will  circle 
the  earth  every  two  hours.  Its  use  in 
this  position  would  be  invaluable  even 
if  it  never  left  for  outer  space.  Mili- 
tarily it  would  an  ideal  bombing  plat- 
form. No  nation  would  want  war  with 
the  knowledge  that  such  a  craft  was 
overhead.  Its  peacetime  uses  are  im- 
portant too.  Telescopes  mounted  from 
such  a  position  would  give  a  viewer  a 
scope  of  vision  impossible  on  earth,  ham- 
pered as  it  is  with  its  dense  air  mass. 
Weather  conditions  such  as  cloud  for- 
mations and  the  like  may  be  kept  track 
of.  As  a  Loran  navigational  aid  it  would 
be  indispensible. 

Return  to  Earth 

Large  wings  recessed  in  the  body  of 
the  rocket  will  be  used  for  the  return 
to    Earth.    A    slight    downward    thrust 
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DECEIERATION 


tion.  The  descent  could  be  tracked  by 
radio  impulses  sent  from  the  rocket 
stage  and  a  ship  dispatched  to  recover 
it.  Radio  communication  to  the  rocket 
by  directional  antenna  will  he  possible 
throughout  the  whole  trip. 

Second  Stage 
The  second  stage  will  be  about  4^ 
feet  long  and  tapering  from  6(1  to  3l) 
feet  m  diameter.  Its  weight,  loaded, 
will  be  600  tons.  Hurning  time  will  be 
24  seconds  at  which  time  the  rocket 
will  have  reached  an  altitude  of  5(H) 
miles  above  the  earth,  and  the  ascent 
angle  will  have  been  lowered  to  2.5  . 
It  will  be  landed  and  rescued  in  a  man- 
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will  be  added  to  reduce  the  elevation 
angle  below  zero.  This  will  be  the  most 
dangerous  part  of  the  operation,  since 
a  miscalculation  could  residt  in  a  ve- 
locity so  great  as  to  generate  enough 
heat  when  entering  the  air  mass  to  dis- 
integrate the  ship.  Most  of  the  down- 
set  will  be  a  long  glide.  Some  of  the 
propellant  will  have  been  retained  to 
maneuver  for  a  final  landing  in  .i  man- 
ner similar  to  any  large  aircraft.  The 
high  landing  \elocity  will  necessitate  a 
rather  long  landing  strip,  for  instance 
deserted  sand  flats  or  a  water  landing. 
Vertical  landings  would  be  impractical 
due  to  the  large  amount  of  fuel  needed. 
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Replacing  a  rivet 


...  a  hinge  pin 


a  stop  pin 


a  set  screw 


...  a  bolt  and  nut 
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•  •  •  a  modern  fastener 
Ihat  saves  time  and  money 
on  thousands  of  applications 

Rollpin  is  a  hollow,  split,  cylindrically  formed  pin  with  chamfered 
ends.  It  is  simply  driven  into  holes  drilled  to  normal  production  toler- 
ances. Because  Rollpin  is  slightly  larger  than  standard  sized  holes, 
it  compresses  as  inserted.  It  is  self-locking— and  vibration-proof— 
because  of  the  constant  pressure  it  exerts  against  hole  walls.  Its  shear 
strength  exceeds  that  of  a  cold  rolled  pin  of  the  same  diameter.  Rollpin 
is  readily  removed  with  a  drift  or  pin  punch  — and  can  be  reused. 

Because  of  its  versatility— and  the  production  economies  it  makes 
possible— Rollpin  is  finding  wide  usage  in  almost  every  phase  of  manu- 
facturing activity.  Write  for  design  information  on  the  Rollpin.  It  will 
enable  you  to  cut  costs  for  many  applications  where  use  of  rivets,  set 
screws,  dowels,  and  straight,  serrated  or  cotter  type  pins  create  instal- 
lation or  performance  problems. 

ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA 

2330  Vauxhall  Road,  Union,  New  Jersey 

Elastic  Slop  Nuts  with  the  famous  red  collar 
are  another  ESN  A  product 
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Meet 
Patsy 
Scott 


Patsy  Scott  is  holding  an  airborne  tope  recorder  which  is  made  by 
North  American  Aviation.  This  photo,  in  connection  with  a  news  release 
first  brought  Patsy  to  the  attention  of  this  publication. 


^ 


by   Howard   Hadler,  Ag.E.  '55 


^ 


^.4^^.^  4iM   i 


One  of  Pat's  many  duties  is  checking  the  flight  weather  maps  and  keep- 
ing the  weather  reports  and  information  available  for  company  pilots, 
such   as  the   pilot  shown   here  checking    weather   information. 


Located  at  Downey,  California,  is  a 
huge  plant  of  the  North  American  Avia- 
tion Corporation.  The  plant,  engaged 
in  the  manufacture  of  T-2S  Air  Force 
and  Navy  trainers  and  in  long-range 
guided  missiles  and  atomic  energy  re- 
search, employs  several  thousand  work- 
ers. One  of  these  employees  is  Patsy 
Scott,  a  clerk  in  the  Flight  Test  Group 
of  the  plant. 

Patsy  "Pat"  Scott  is  22  years  old 
and  has  been  an  employee  of  North 
American  Aviation  for  approximateh 
2  1/2  years.  She  is  five  feet  7  3,4  inches 
tall,  weighs  128  pounds,  has  ash  blonde 
hair  and  a  face  lightly  dusted  with 
freckles. 

Pat  is  of  Scotch-Irish  descent  with 
about  1  16th  part  Blackfoot  Indian.  A 
native  daughter  of  California,  born  in 
Long  Heach,  she  enjoys  the  outdoor 
sports — swimming,  hiking,  golf,  bad- 
minton. For  five  years  she  owned  her 
own  horse,  an  Indian  cow  pony  (straw- 
berry roan),  and  she  still  enjoys  riding 
spirited  horses.  An  excellent  ballroom 
dancer,  Pat  enjoys  smooth  orchestras, 
and  one  of  her  favorite  songs  is  Hoagy 
Carmichael's  "Stardust." 

Pat  has  been  married  for  almost  three 
years  and  is  an  apartment-dweller  in  the 
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Patsy  receives  weather  reports  com- 
ing into  the  flight  dispatching  office 
over   the    teletype    machine. 


ciminumity  of  Downey  (approximately 
0(1,1 100  population)  about  ten  minutes' 
iln\e  from  the  North  American  plant. 
•She  met  her  husband,  Robert  B.  Scott, 
uhile  both  were  employed  at  a  local 
phi  me  company.  She  was  a  clerk,  her 
hii>band  a  telephone-installer.  They  met 
when,  as  she  puts  it,  "He  whistled  at 
iiic  once  too  often,  and  I  stopped  to  tell 
him  to  cut  it  out." 

When  she's  at  home,  Pat  paints  land- 
scapes in  oil  and  water  colors,  working 
tnim  memory.  A  leathercrafter,  Pat 
makes  extraordinary  wallets  and  belts. 
She  knits  socks,  sweaters,  and  afghans. 


Patsy   is  operating  the   radio  transmitter  in   the  dispatching   office   main- 
taining contact  with  company  planes  in  the  vicinity. 


Another  of  her  home  hobbies  is  playing 
with  her  calico  cat,  Chanel,  which  re- 
trieves objects  like  a  dog.  Pat  says  that 
Chanel  is  better  than  an  alarm  clock, 
waking  her  up  between  5  :30  and  6 :00 
each  morning  by  "biting  my  nose,  pidl- 
ing  out  m\'  pin  curls,  or  biting  my  toes. 
On  weekends  we  could  do  without  the 
calico  character." 

Prior  to  working  at  North  American 


Aviation  and  the  telephone  company, 
Pat  graduated  from  the  Sawyer  Business 
College  in  Los  Angeles.  She  is  an  ex- 
cellent typist,  doing  better  than  80 
words  a  minute.  Her  varied  duties  in 
the  company's  Flight  Test  Group  in- 
clude typing,  shorthand,  distributing 
mail,  general  clerical,  keeping  records 
and  doing  miscellaneous  duty  in  the 
flight  dispatcher's  office. 


The  pilot  of  one  of  North  American's  company  planes  receives  a  dispatch 
from  Pat  before  take-off.  (All  photos  courtesy  North  American  Avia- 
tion,   Inc.) 


Patsy  lunches  on  thhe  lawn  of 
North  American's  Downey  plant 
with    her    husband,    Robert    Scott. 
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out  in 
front . . . 


by  design! 


A  dynamic  industry,  a  progressive  company  and 
a  good  start  with  basic,  broad  training  are 
important  to  a  successful   engineering   career. 

With  that  in  mind,  consider  these  facts: 

First,  the  automobile  industry  continues  to 
expand.  In  fact,  experts  predict  that  80,000,000 
vehicles  will  be  on  the  road  by  1975. 

Second,  probably  no  car  has  ever  earned  itself 
a  more  enviable  position  in  the  automobile 
industry  than  Pontiac.  Pontiac  has  pioneered 
many  important  advances  in  automobile  engi- 
neering, advances  that  have  been  adopted  by 
the  entire  industry.  But  there  are  many  prob- 
lems still  to  be  solved.  Young  men  with  fresh 
ideas  and  new  approaches — with  the  guidance  of 
experienced  engineers — will  solve  many  of  them. 

Third,  the  majority  of  all  leading  positions  in 


automobile  engineering  are  held  by  men  who 
have  had  experience  in  designing — one  of  the 
most  basic  approaches  to  an  engineering  career. 

Yes,  there's  a  great  future  in  store  for  young 
engineers  with  well-rounded  training  in  auto- 
mobile designing — and  this  training  is  espe- 
cially promising  for  young  men  with  abiUty 
who  want  a  career  at  Pontiac  based  on  op- 
portunity, advancement  and  liberal  General 
Motors  compensation  and  employment  benefits. 

Plan  now  to  design — for  a  great  future! 


r-- 


:'»F^t 


Pontiac'' s  huge  new  engineering  building  is  the  industry''s 
most  modern^  with  every  conceivable  facility  for  design- 
ing  better  and  better  Pontiacs, 


Pontiac 
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The  Torrington  Needle  Bearing . . . 
many  types  for  many  needs 


In  previous  advertisements  in  this 
series,  the  many  advantages  of  the 
Torrington  Needle  Bearing;  and  the 
proper  procedure  for  its  installation 
and  maintenance  have  been  dis- 
cussed. The  DC  unit  type  bearing 
was  used  in  these  discussions  be- 
cause it  is  the  Needle  Bearing  with 
by  far  the  greatest  variety  of  appli- 
cations throughout  industry. 


From  the  basic  Needle  Bearing 
design,  however,  many  modifica- 
tions have  been  made.  The  result  is 
a  complete  line  of  Needle  Bearings 
suitable  for  specific  applications. 
Although  these  bearings  are  all 
different,  each  offers  the  advan- 
tages which  have  made  the  DC  unit 
type  so  popular.  They  give  the 
highest  possible  radial  load  capac- 


ity in  a  minimum  of  space;  they  are 
light  in  weighs,  easy  to  install  and 
simple  to  lubricate. 

The  following  chart  shows  many 
types  of  Torrington  Needle  Bear- 
ings, gives  their  design  features  and 
general  applications  for  which  they 
are  designed. 

The  new  Torrington  Needle  Bear- 
ing catalog  will  be  sent  on  request. 


DESIGN  FEATURES 


APPLICATiONS 


Thin,  drawn  shell,  retaining  full 
complement  of  small  diameter  rollers. 
Inner  races  are  furnished  when 
shafts  are  not  hardened. 


Wherever  high  load 
capacity  is  needed 
and  space  is  at  a 
premium. 


HEAVY 
DUTY 


The  outer  race  is  made  in  one 
channel-shaped  piece,  hardened  and 
ground   to  precision  limits.   Heavy 

inner  race. 


For  heavy-duty  appli- 
cations where  split 
housings  occur  or 
where  press  fit  of 
bearing  into  housing 
is  not  possible. 


AIR- 
CRAFT 


NBE 
NBK 


'1 


Heavy  inner  and  outer  races,  with 
end  washers  securely  fastened  to 
inner  race. 


Aircraft  applications 
involving  oscillating 
motion  only. 


Similar   to   NBC   except   have  self- 
aligning  outer  races. 


Aircraft  applications 
where  alignment  is 
difficult  or  deflection 
is  severe. 


NBF 

(left) 

NBL 

(righi; 


Similar  to  NBC  except  have  heavy 
outer  races  to  carry  rolling  loads. 


For  use  as  rollers 
under  heavy  loads  at 
low  speeds. 


ltd 


w 


Heavy  solid-sectioned  outer  race  and 
rollers  made  from  high-quality  bear- 
ing steel.  Portion  of  stud  which 
serves  as  inner  race  is  hardened. 
Threaded  end  left  soft  to  avoid 
brittleness. 


Cam  follower  appli- 
cations where  maxi- 
mum load  capacity 
and  shock  resistance 
are  required. 


THE   TORRINGTON    COMPANY 

Torrington,  Conn.       •       South  Bend  21,  Ind. 
Dislrict  Offices  and  Distributors  In  Principal  Cities  of  United  Stales  and  Canada 

TOIIRINeTOI^//Z7/ir  ^EARINGS 

NEEDIE    •   SPHERICAL  ROLLER    •    TAPERED  ROLLER    •    CYLINDRICAL  ROLLER    •    BALL    •    NEEDLE  ROLLERS 
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Training  Counts...  plenty  I 


.  When  you  join  ranks  with  Square  D,  you 
can  be  sure  you'll  get  complete,  individual- 
ized training — the  kind  that  pays  off  in  all 
the  years  to  follow. 

•  Year  after  year,  Square  D  looks  to  the 
nine  schools  shown  above  for  electrical, 
mechanical,  industrial  and  general  engi- 


MAIL  THE  COUPON  | 

We'd  like  to  send  you 

a  16-page  "get-acquainted"  brochure. 

It  tells  a  lot  about  Square  D, 

its  products,  services, 

markets  and  opportunities. 


neering  talent.  We're  proud  of  the  calibre 
of  men  we  employ,  train  and  advance. 
They're  the  kind  of  men  you'd  like  to  work 
with.  Why  not  let  us  tell  you  more  about  it? 


Square  D  Company,  Oepi.  SA 

6060  Rivard  Street,  Detroit  11,  Michigan 

I'd  like  a  copy  of 

Square  D's  "Get-Acquainted"  brochure. 


rir,« 

A,^^r.>. 

City 

Zone          ..State 
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Ch.  E.  372  Exp.  No.  6 

LITTLE  BLUE  ROTAMETER 

95 


F.S.P. 


The  report  you  are  about  to  read  is  true.  Only  the  data  has  been  changed 
to  give  a  smoother  curve. 

Monday,  October  5 

1 :00  P.  M.— My  name  is  Chuck  Wolfenberger,  my  partner's  name  is  Ivan  Burgen- 
er.  We  were  working  the  day  watch  out  of  the  Unit  Ops  Lab.  For 
some  time  there  had  been  a  rotameter,  with  a  suspiciously  large 
discharge  coefficient,  lingering  in  the  vicinity  of  Mezzanine  A.  Our 
job— calibrate  it. 

2;00  P.  M.— Mezzanine  A.  We  disassembled  and  inspected  the  rotameter  (Ser. 
No.  B-25410).  In  it  we  found  what  I  had  suspected  all  along— an 
orifice.  Tracing  the  air  line  six  feet  upstream  beyond  the  Iron  Case 
Meter  (No.  1229298)  we  discovered  an  on  and  off  safety  valve.  It 
looked   like  an  open  and  shut  case. 

2:09  P.  M.— We   reassembled    the   apparatus. 

2:15  P.M.— We  began  taking  data;  flow  rate,  monometer  reading,  rota  meter 
reading. 

2:42  P.  M.  — Increased  the  flowrate  steadily  to  a  value  of  100  cu.  ft.  per  second. 
The  manometer  and  rotameter  readings  remained  constant  at  zero 
during  this  time. 

6:1 7  P.  M.— Still  taking  data.  We  just  want  the  facts.  Connected  the  mano- 
meters and  rotameter  to  the  air  line.    Got  much  better  data. 

6:1 7  P.  M.  — Plotted  curves  from  the  data  of  flow  rate  vs.  rotameter  reading, 
flow  rate  vs.  pressure  drop,  and  pressure  drop  vs.  rotameter  read- 
ing.   They  were  identical. 

6:17  P.M.— The  conclusion  was  obvious.  We  had  the  answer.  The  pressure 
drop  had  to  be  constant.  What  a  beautiful  curve  it  made.  A  straight 
line.  We  plotted  it  over  and  over.  How  did  we  know  the  pressure 
drop  was  constant?  We  played  a  hunch,  that's  all;  sometimes  a 
hunch  pays  off,  sometimes  it  doesn't;  we  just  played  a  hunch. 

6:17P.M.— My  watch    had    stopped    at   6:17    p.m. 

Tuesday,  October  6 

(was) 
9:00  A.M.— We  were  all  washed  up.    Our  data  were  excellent,  our  curves  were 

in    agreement    with    theory,    but    we    hod    made    one    fatal    mistake. 

The  jig  was  up.    What  was  wrong?    We  neglected  to  plot  our  curves 

on    log-log   paper. 

On  October  9,  1953,  trial  was  held  in  Superior  Court,  Room  116  E.  Chem.  The 
report  was  graded  and  found  to  be  highly  improper.  The  penalty  for  failing  to 
use  log-log  paper  is  a  grade  of  not  less  than   F—  or  more  than   E  ; 
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Simple  enough    now,    this   vertical   ascent   was   history-making   in    1939. 


THE  FIRST  SUCCESSFUL  HELICOPTER 


Just  two  years  before  Pearl  Harbor,  Igor  Sikorsky 
took  the  controls  of  a  weird-looking  machine  — 
culmination  of  a  dream  of  thirty  years.  Moments 
later  it  rose  from  the  ground.  Though  the  flight 
lasted  only  a  few  seconds,  the  VS-300  became  the 
first  practical   helicopter  in  the   United  States. 

Less  than  six  months  after  Pearl  Harbor,  the  Air 
Force  took  delivery  of  the  first  military   Sikorsky. 

Since  then,  rapid  developments  prove  that  the 
helicopter,  most  versatile  of  military  aircraft,  has 
tremendous    commercial    potentials. 

Helicopters  of  the  future  will  be  the  product  of 
tomorrow's  engineers.  Sikorsky  is  young  and  grow- 
ing. It  offers  life-time  opportunities  to  young  men 
•who  choose  work  where  their  skills  and  abilities  will 
be   constantly   challenged. 


Perhaps  you  belong  at  Sikorsky  —  in  the  research 
departments,  the  drafting  rooms,  the  engineering 
laboratories. 

You  can  remember  the  first  successful  helicopter 
—  you  may  be  the  man  to  build  tomorrow's!  Learn 
more  about  employment  opportunities  at  Sikorsky 
from  C.  R.  Banks,  Personnel  Department. 


IKORSKY 


One   of   the  four   divisions   of   United  Aircraft   Corporation 
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by  Chuck  Foley,  M.E.  '55,  and  Martin  Goldstein,  Chem.E.  '55 


Techtronic  Eye 

1  he  lechtronic  Kye,  causing  more  ex- 
citement in  the  automotive  and  safety 
fields  than  any  new  car  accessory  pro- 
duct, is  being  readied  for  national  dis- 
tribution. Techniflex  Corporation  is 
now  in  full-scale  production  of  this  new 
mechanical  genius. 

Viewed  by  thousands  at  the  Interna- 
tional Motor  Sports  Accessor)'  Show 
at  the  Cjrand  Central  Palace,  New  York 
City,  in  March,  the  Techtronic  Eye 
created  quite  a  stir  among  car  dealers, 
ultimate  consumers,  and  motor  sports 
writers  and  enthusiasts. 

Designed  to  reduce  accidents  caused 
during  night  driving  trips,  the  Tech- 
tronic hye  relieves  the  driver  of  the 
te<!i()us  task  of  dimming  and  brighteiung 
headlights.  It  function>  whene\er,  and 
only  when,  the  car's  "open-road  light- 
ing" equipment  is  sent  into  action.  The 
driver  is  completely  relie\ed  of  the  task 
of  manually  switching  light  beams.  Ac- 
cidents caused  by  temporary  blindness 
due  to  headlight  glare  become  niiru- 
mized. 

In  its  regular  pattern  of  functioning, 
an  oncoming  car  moving  uirh  its 
"brights"  engaged,  would  cause  the  de- 
vice to  undergo  a  switching  action  as 
soon  as  it  appears  on  the  device's  "hori- 
zon." Your  headlights  automatically  go 
from  bright  to  dim — stay  that  way  until 
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all  oncoming  traffic  passes.  When  the 
opposite  lane  is  clear  the\'  automaticall\ 
return  to  bright. 

The  photo-eye  component  of  the  de- 
vice is  "targeted  '  in  the  direction  of  on- 
coming traffic.  As  the  field  of  this 
photo-eye  component  is  filled  with  a 
given  intensity  of  light,  the  switching- 
action  takes  place.  The  "field"  is  a 
three-dimensional    sp:ice.    of    conical-like 


sliope,  with  its  apex  at  the  lens  of  the 
phototube  component  and  its  principal 
axis  intersectitig  the  line  of  the  opposite- 
l\-moving  traffic  at  a  distance  from  the 
lens  corresponding  to  the  "hori/on"  set- 
ting of  the  device. 

For  special  circumstances,  such  as  sig- 
naling, driving  in  well-lighted  shopping 
centers,  etc.,  the  de\ice  provides  for  the 
hooking  into  its  circuit  of  the  standard 
lighting  equipment  floor  switch,  .so  that 
the  floor  switch  may  be  used  in  its  con- 
\entionaI  pattern  of  operation.  You  just 
tap  the  switch  for  manual  control  (as 
in  signaling),  rap  it  again  when  you 
want   to   return    to   automatic. 

Added  advantages  of  the  new  Tech- 
tronic  l',\e: 

It  is  ruggedly  built  to  operate  on  an 
extremly  small  amount  of  electric 
po  we  r. 

It  obviates  the  necessity  for  a  sharp 
\oltage  regulation  system.  By  running 
each  of  the  tube  stages,  inclusive  of  the 
cathode  tube,  at  extraordinarily  low 
plate  voltages,  it  provides  longer  tube 
life  for  each  tube,  thus  increasing  the 
life  dependabilitv  of  the  device  as  a 
whole. 

It  pro\ides  for  a  bi-directional  coun- 
termanding system  rather  than  the  uni- 
directional system.  It  does  this  while 
still  employing  what  is  even  now  a 
standard  part  of  the  con\entional  light- 
ing equipment. 

The  beam  is  factory-set,  .so  that  the 
lights  dim  automatically  at  a  distance 
approved  b\'  all  State  Motor  Vehicle 
Bureaus. 

Techtronic  Eye  is  truly  frugal  in  its 
consumption  of  electrical  power.  It  uses 
less  than  1  6th  the  power  ordinarily 
consumed  by  your  headlights,  uses  even 
less  than  your  directional  signals,  will 
not  affect  normal  functiniu'ng  of  your 
batterw 


A  wiring  diagram  showing  the  wir 
for  the  techtronic  eye  to  eliminate 


ing  layout  on  an  ordinary  automobile 
manual  dimming  of  headlights. 
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Simplified  Control  Panel 

A  little  niort-  than  a  year  ago,  engi- 
neers of  Westinghoiise  Electric  brought 
together  on  a  single  plug-in  chassis  the 
many  d-c  control  elements  located  on 
planes.  Now,  this  standardized  panel 
has  been  further  simplified. 

A  single-piece  base,  die-cast  of  alum- 
ium,  takes  the  place  of  50  pieces  that 
previously  had  to  be  assembled  into 
3ne.  A  frame  or  support  for  the  several 
:omponents  is  molded  of  high-impact- 
itrength  plastic — an  innovation  in  power 
rontrol  devices — and  replaces  140  sep- 
arate pieces. 

Junction  Transistors 

The  General  Electric  Company  an- 
lounced  here  today  it  is  beginning  pro- 
kiction  of  new  junction  transistors 
.vhich  will  provide  essentially  infinite 
ife  for  many  electronic  devices. 

Transistors  use  a  crystal  of  germani- 
jm  to  perform  many  of  the  functions 
)f  much  larger  and  more  complicated 
■lectron  tubes. 

James  H.  Sweeney,  sales  manager  for 
germanium  products,  said  the  new  tran- 
listors  will  greatly  extend  the  lives  of 
uitomobile  and  portable  radios,  and 
learing  aids.  The  transistors  consume 
;uch  small  amounts  of  power  from  the 
jatteries  that  they  too  will  ha\e  greatly 
■xtended  life. 

Sweeney  said  engineers  at  Electronics 
Park  are  currently  engaged  in  the  de- 
velopment of  a  small  transistorized  por- 
able  radio  and  are  applying  the  new 
ransistors  to  circuits  under  development 
or  radar,  airborne  computing  equip- 
iient,  carrier  current  and  two-way  radio 
■quipment,  and  television  broadcasting 
■quipment. 

The  new  transistor  was  placed  on 
lispla\  at  the  West  Coast  Electronics 
show  in  San  Francisco.  In  a  novel 
■xhibit,  the  transistor  was  operated  as 
he  heart  of  a  miniature  radio  trans- 
nitter  while  frozen  in  a  cake  of  ice, 
vhich  was  then  melted  and  turned  into 
loiling  water.  Purpose  of  the  all-weath- 
■r  exhibit,  according  to  Sweeney,  is  to 
llustrate  the  transistor's  ability  to  per- 
orm  efficiently  under  extreme  varia- 
ions  in  temperature  and  humidity. 

The  new  units  are  evacuated,  hermeti- 
:ally-sealed,  and  of  all-welded  metal 
:onstruction.  They  are  the  first  to 
eature  all-welded  metal  construction, 
ivhich  eliminates  the  aging  effects  of 
iioisture  and  trapped  .solder  flux  fumes. 

The  G-E  official  explained  that  pre- 
vious methods  of  construction  have 
ailed  to  produce  a  transistor  whose 
jperating  characteristics  will  not  de- 
:eriorate  with  age,  as  a  result  of  con- 
:amination  either  .sealed  into,  or  allowed 
0  enter  the  casing. 

The  new  construction  also  allows 
lower   ratings    up    to    three    times   those 


of  any  previous  transistors,  he  said.  The 
new  transistor  has  been  demonstrated 
to  operate  under  water  at  temperatures 
up  to   100  degrees  centigrade. 

According  to  Sweeney,  the  fused  junc- 
tion transistor  is  a  product  of  many 
years  of  research  and  development.  It 
has  been  designed  to  permit  automatic 
mass  production,  and  an  automatic 
factory  is  now  being  developed.  While 
some  basic  machines  already  are  in  use, 
he  explained  that  the  total  mechaniza- 
tion of  transistor  production  will  be 
an    evolutionary    process. 


life  of  the  tires,  because  they  are  made 
to  wear  evenly. 

The  tremendous  centrifugal  force 
built  up  in  a  rotating  car  wheel  magni- 
fies any  unbalance  and  develops  a  ham- 
mering action.  The  mercury  disc  builds 
up  an  equal  counter  force  to  this  and 
completely   cancels   the    unbalance. 

Another  important  function  of  the 
mercury  weighted  discs  is  their  vertical 
shock-absorbing  action.  The  mercury 
reacts  instantly  against  chatter  and 
shocks  due  to  road  roughness  before 
they   reach   the   axles   and    thereby   saves 


A  photo  and  diagram  of  the  dynamic  wheel  balancer.  The  graph  (bottom) 
shows  difference  in  vibration  brought  about  by  a   balancer. 


Smoother  Rides 

A  new  mercury-reactor  attachment 
for  automobile  wheels  will  combine 
several  advantages  to  give  motorists 
smoother  riding  comfort.  This  is  ac- 
camplished  by  a  set  of  four  discs  which 
can  be  attached  to  the  wheels  of  any 
car.  Each  disc  has  a  number  of  radially 
positioned  cylinders  containing  mercury, 
and  is  mounted  inside  the  wheel  rim 
around  the  axle.  The  discs  are  attached 
to  the  same  lug.s  which  hold  the  wheels 
and   are  covered   by   the  hub  caps. 

The  mercury-loaded  discs  eliminate 
the  need  for  balancing  weights  on  car 
wheels.  Weights  have  never  been  fully 
satisfactory  because  the  balance  is  lost 
every  time  a  tire  is  changed  or  a  wheel 
transposed.  Furthermore,  uneven  wear 
on  tires  .soon  offsets  the  balance.  With 
the  new  discs,  however,  the  wheels  are 
constantly  dynamically  balanced  regard- 
less of  other  factors.  This  not  only  pro- 
duces a  smoother  ride,  but  also  has 
proved    in    tests    to   extend    greatly    the 


considerable  wear  on  chassis  points.  All 
other  cushioning  devices  on  the  car  pick 
up  the  shock  after  it  has  passed  the 
wheel. 

The  mercury  stabilizers  also  control 
lateral  action.  Since  the  mercury  is  free 
to  move  from  side  to  side,  as  well  as 
up  and  down  in  the  chambers,  any  tend- 
ency of  the  wheels  to  wobble  or  shimmy 
is  countered,  saving  wear  on  wheel 
bearings  and  king  pins. 

The  gyroscopic  force  built  up  by  the 
mercury  also  stabilizes  the  car's  for- 
ward line  of  motion.  This  helps  to 
straighten  wheels  out  after  turns,  elim- 
inate drifting,  and  prevent  side-hopping 
on    rough   roads. 

The  discs  are  the  invention  of  Stuart 
D.  Ormsb\',  President  of  Oswego  Pro- 
ducts Corporation,  Oswego,  N.  Y.,  who 
has  received  clearance  on  a  patent  ap- 
plication after  t\\'o  years  of  product 
research.  His  test  models  are  made  of 
aluminum,  but  he  believes  that  they 
can  be  produced  in  plastic  to  retail  for 
about  fift\   dollars  per  set  of  four. 
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Electric  Weather  Indicator 

A  suilt  n\i'r  ot  wiiul  m  tlu-  >k\ 
called  the  jet  stream  now  can  be  de- 
tected in  fair  weather  or  foul  by  a 
"weather  pen"  that  measures  electric 
charges  aloft,  the  Cjeneral  Electric 
Conipany  has  announced. 

Accordinj;  to  the  comp;ui\,  tlic  jet 
stream  builds  a  tell-tale  p()siti\e  cliargc 
that  can  be  measured  by  a  radi()acti\e 
antenna  installrd  on  the  roof  of  the 
laboratory  at  Schenectady,  N.  Y.  A  sen- 
sitive G-E  photo-electric  recorder  then 
writes  a  continuous  record  of  the 
amount  of  electric  potential   in   the  sk\. 

The  "weather  pen,"  it  is  hoped,  some- 
day may  do  away  with  the  need  for 
sending  expensive  balloon-borne  equip- 
ment aloft  to  find  the  location  of  the 
hea\enly  hurricane  that  often  doubles 
the  speed  of  high-flying  planes.  It  now 
supplements  the  use  of  cloud  obser\a- 
tion  as  a  means  of  establishing  the  pres- 
ence of  the  swift  corridor  of  winds,  and 
has  led  to  sharper  short-range  weather 
forecasts  than  could  be  obtained  with 
conventional   weather  detection   devices. 

Largest  Rotating  Machine 

1  he  largest  rotating  machine  e\er 
built  is  being  put  together  by  the  West- 
inghouse  Electric  Corporation.  It  con- 
sists of  the  five  compressors  and  drive 
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for  the  transonic  and  supersonic  wind 
tunnels  being  built  for  the  L.  S.  Air 
Force  at  Tullahome.   Tennessee. 

Four  motors  with  a  combined  power 
of  215,000  horsepower  are  required  to 
drive  the  compressors.  Statistics  on  the 
inlet-stage  plades  of  the  transonic  com- 
pressor suggest  the  scale  of   this  super 


wind  maker.  Each  blade  is  more  than 
two  feet  across  the  face,  six  feet  long, 
weighs  almost  two-thirds  of  a  ton,  and 
rotates  at  600  rpm  on  a  spindle  18 
feet  in  diameter.  The  top  speed  for  this 
great  mass  is  650  miles  per  hour  and 
the  centrifugal  force  tending  to  pull 
each  blade  from  its  roots,  is  800  tons. 
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After  years  of  preparation,  it's  here  —  the  very 
first  really  practical  "how-to"  book  on  modern 
three-dimensional  drawing  Chock-full  of  valu- 
able instruction  on  axonometnc  and  perspective 
drawing  for  modern  industrial  illustration — com- 
piled by  Anthony  D.  Pyeatt,  foremost  authority 
on  visual  presentations  which  are  technically 
correct. 

Plus  22  full-page  plates 
of  breath-taking  illus- 
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whose  accc 
range  from  packages  for 
Walter  Dorwin  Teague 
to  entire  metropolitan 
shopping  centers!  An  in- 
dispensable self-study 
course,  which  will  pro- 
vide priceless  inspiration 
and  reference  through- 
out the  years  ahead. 

Only  $2.50 
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New 

Low-  Temperaturejf^ 

RCA  Victor 

Test  LaboratorykQ^ 

Sub  ■  cooled  with'  | 


Temperatures  down  fo  85  degrees 
below  zero  are  maintained  by  a  3- 
stage  Friclc  system  In  this  altltude- 
temperature-humldlty  chamber  of 
the  Radio  Corp.  of  America  at 
Camden,  N.  J. .where  two  other  test 
rooms  are  also  cooled  to  minus 
lOO'F.    by    Frick    refrigeration. 
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W/jy  does  Lockheed  in  Califormci  offer 

better  careers 


for 


enmneers 


? 


1 


Diversified  Production 


Fighters,  bombers,  trainers,  cargo  transports,  radar  search 
planes  and  huge  luxury  airliners  arc  rolling  otT  Lockheed 
assembly  lines.  Twelve  models  are  in  production. 

This  capacity  to  design  and  build  such  a  wide  range  of  air- 
craft is  important.  It  means  Lockheed  olTers  you  broader 
scope  for  your  ability.  It  means  you  have  more  opportunity 
for  fresh,  creative  thinking  —  because  Lockheed's  thinking 
covers  all  phases  of  aeronautical  engineering.  It  means  your 
future  is  not  chained  to  any  particular  type  of  plane  — because 
Lockheed  is  known  for  leadership  in  virtually  all  types  of  air- 
craft. It  also  is  one  of  the  reasons  Lockheed  has  an  unequalled 
record  of  production  stability,  year  after  year. 


^  Diversijied  Development  Projects 

The  most  diversified  development  program  in  Lockheed's  his- 
tory is  under  way— and  it  is  still  growing.  It  means  more  and 
better  career  engineering  opportunities  for  you  —  now  and  in 
the  future.  It  means  your  career  can  grow  with  a  company 
that  is  growing  on  all  aviation  fronts. 


Diversified  Liviii<r 


You  work  better  in  Lockheed's  atmosphere  of  progressive 
thinking  —  and  you  live  belter  in  Southern  California.  You 
enjoy  life  to  the  full  in  a  climate  beyond  compare,  in  an  area 
unequalled  for  opportunities  for  recreation  and  outdoor  living. 


Lockheed 


AIRCRAFT    CORPOR.'\TION 

Burbank,  California 
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MY  SLIDE  RULE 

J  liii  IS  my  sliilt    !  itli  . 

Tficri-  arc  many  like  it.  Iml  llns  mi, 
is  mine. 

My  slide  rule  is  my  friiiid. 

And  I  slui/l  I {(11 II  Id  l<ivi  It  lis  (I 
frinid. 

I  nill  f,/',y  my  slid,    ml,. 

II  Inn   my  sti,/:  I,  lis  mc   tir.xx   S  \  S   ,,, 

23.9874528340, 

Then  five  limes  fir,  is  lucnly-lluci 
point,  etc. 

I  liill  learn  ihe  iiniilnmv  nf  my  slid, 
rule. 

Though  I  die  in  the  slriiKxl''  I  "'"'^ 
use  faithfully   ej'ery  seale. 

'J' he  hlaek  seale  and  the  red.  the  in- 
verted (-  and  the  inside  out  legs  the 
reversed  A  and  the  multiplied   /). 

/  ivill  master  them  all.  and  they  uill 
serve  me  nell.  they  ivill. 

I  will  eherish  my  slipstiei.  and  iiill 
treat  it  kindly. 

I  U'ill  rail  it  my  hahy .  and  never  shall 
profanity  sear  its  long  and  graeeful 
limhs. 

My  slide  rule  shall  he  my  heather  in 
suffering. 

Through  long  hours  of  midnight  toil 
ice  ivill  ii'ork  together,  my  slide  rule 
and   I. 

And  great  ivill  he  the  day  nhen  my 
slide   rule  and  J   have  finished   our  ap- 


pointed   task,   and    the    prohlem    is   doni 
and   the  ansiiers  are   right. 

I   ivill   take    that   darn    sti,  k   and   hav, 
one   h,  I  k    of  a   fire.    I    uill  I 


I",\Try  year  amateur  photograplicis 
take  cnniifih  snapshots  to  encircle  the 
earth    three   times. 


Hecause  siKer  is  a  prime  ingredient 
in  light-sensiti\  e  plioto  emulsions,  Last- 
man  Kodak  Company  is  the  second  larg- 
est indi\idual  user  of  silver  in  the 
Iru'ted  States,  second  only  to  the  U.  S. 
Mint. 


To  take  the  biggest  flash  photo  ever 
made  on  color  film,  2,400  bulbs  were 
exploded  at  one  time  in  the  famous  "Big 
Room"  of  Carlsbad  Caverns  in  New 
Mexico. 


A  chemist  employed  by  Eastman 
Kodak  Company  in  1886  was  one  of 
the  early  full-time  research  scientists 
in   American   industry. 


The  largest  color  photograph  trans- 
parencies ever  made — 18  feet  high  b\ 
60  feet  long — are  featured  at  Eastman 
Kodak's  Colorama  exhibit  in  CJrand 
Central  Terminal,   New  York  City. 


•  ALBANENE,*  a  K&E  product, is  the  preferred  tracing  paper 
in  thousands  of  drafting  rooms.  It  is  transparentized,  not  with 
messy  oils  that  leak,  but  with  a  special  synthetic  trans- 
porentizer  developed  by  K&E.  ALBANENE  does  not  turn 
brittle  or  lose  its  transparency  with  time.  After  years  if  is  as 
good  as  new.  *Trade  Morli® 

KEUFFEL  &  ESSER  CO. 


HOW  TO  CREATE 

SUCCESSFUL 

DESIGNS 

SIMPLY  being  able  to  create  a 
unique  machine  design  is  no 
longer  enough  to  insure  a  success- 
ful career  in  product  engineering. 
Today,  more  than  ever  before,  a 
machine  design  must  be  strong 
and  durable,  yet  be  the  loivest  in 
cost,  to  be  acceptable  to  company 
management. 

As  a  result,  many  new  designs 
are  of  welded  steel  construction 
and  existing  designs  are  being 
converted  to  eliminate  excessive 
material  and  to  reduce  the  number 
of  shop  manhours  needed  for 
fabrication. 


Fig.  1.  Former  Design. 

Maclyine  part  re- 
quired miflhie  and 
drllliiie.K'eighedl8 
pounds,  til  ice  as 
much  as  steel  design. 


NEW   YORK 

Chicago  •  St.  louis  •  Detroit  • 


HOBOKEN,   N.   J. 

Cisco  •  Los  Angeles  •  Montreal 


Fig  .2.  Pres  3nl  Conslruclion. 

BearitigHousifigatidarrns 
arelOgaugemetat.  Weighs 
only  8'A  pounds.  Cost  30% 
less  to  manujacture. 


HOW  TO  DESIGN  FOR  WELDED  STEEL 

As  a  result  of  such  economies,  it  is 

important  that  forward-thinking 
engineers  maintain  close  contact 
with  the  rapid  progress  in  the  arc 
welding  industry.  Latest  data  on 
design  for  welded  steel  construc- 
tion is  available  in  bulletins  and 
handbooks.  Write  to  The  Lincoln 
Electric  Co.,  Cleveland  17,  Ohio. 

THE  LINCOLN  ELECTRIC  COMPANY 

Cleveland  17,  Ohio 

THE  WORLD'S  LARGEST  MANUFACTURER   OF 

ARC  WELDING  EQUIPMENT 
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Here  you  see  two  pieces  of  steel. 
They  are  the  same  size,  the  same 
shape,  the  same  weight.  Although 
they  look  exactly  alike,  one  of 
these  steels  is  far  more  valuable — 
in  terms  of  what  it  can  do. 

It's  the  piece  on  the  right — one 
of  the  USS  High  Strength  Steels 
— and  it  has  greater  strength  than 
the  ordinary  carbon  steel  shown 
on  the  left.  This  means  that  with 
USS  High  Strength  Steel  you 
can  reduce  the  weight  of  a  rail- 
road car,  a  truck,  a  bus,  or  of 
many  other  steel  products  .  .  . 
without  reducing  their  strength. 

USS  High  Strength  Steel  in  a 
34"  thickness  can  frequently  be 
substituted  in  a  design  which  uses 
■^ii"  ordinary  carbon  steel,  without 
sacrificing  strength  in  the  equip- 
ment. 

Or — you  can  work  it  this  way. 
Simply  "use  USS  High  Strength 
Steel   in   the   same   thickness   as 


ordinary  carbon  steel.  Then, 
equipment  will  be  stronger  and 
more  rugged  .  .  .  but  it  will  weigh 
no  more! 

Furthermore,  one  of  these  high 
strength  steels— USS  Cor-Ten 
— has  high  resistance  to  atmos- 
pheric corrosion — 4  to  6  times 
that  of  plain  steel.  Think  what 
this  means  in  increased  life! 

Very  fine,  you  say,  but  what 
will  all  this  cost?  Well,  here's  the 
real  pay-off.  Surprisingly  enough 
the  products  improved  with  USS 
High  Strength  Steels  usually  cost 
no  more  .  .  .  because  pound  for 
pound  the  steel  does  more.  Its 
slightly  higher  initial  cost  per 
pound  is  often  offset  by  the  fact 
that  less  steel  is  needed.  And,  in 
the  long  run,  many  products  made 
from  these  better  steels  actual]\- 
cost  less  because  they  last  longer. 
and  are  cheaper  to  operate  and 
maintain. 


Developing  -special  steels  for  special  customer  needs  is  an  important  job  of  United  States  Steel  metallurgists  and 
engineers.  With  their  tremendous  background  of  practical  experience,  they  are  ready  to  work  on  any  problem  that 
involves  the  more  efficient  use  of  steel.  United  States  Steel  Corporation,  525  William  Penn  Place,  Pittsburgh  30,  Pa. 


UNITED  STAT 


S    T     E    E 


First  things  first? 


The  recent  action  by  the  University  officials  lifting  certain  restrictions  on  the 
use  of  student  automobiles  probably  was  regarded  by  the  uninformed  as  a  sym- 
bol of  the  new  Administration's  outlook  on  student  affairs.  It  is  certainly  indica- 
tive. The  catch  comes  in  the  fact  that  just  so  many  more  vehicles  were  thrown 
on  the  already  overcrowded  and  antiquated  streets  of  Champaign-Urbana. 

Last  semester  there  was  some  complaint  from  students  who  found  it  expedi- 
ent to  drive  to  the  campus  that  the  faculty  were  occupying  unrestricted  spaces 
on  the  streets  nearest  their  offices  instead  of  parking  their  cars  in  the  faculty  re- 
stricted lots.  This  semester  there  is  an  indication  that  even  those  who  are  permit- 
ted to  park  in  restricted  lots  find  themselves  without  parking  space.  And  parking 
is  only  one  phase  of  the  whole  traffic  picture. 

A  much  more  serious  situation  exists  in  terms  of  congestion,  vehicle-pedestri- 
an conflict,  difficulties  in  adequate  law  enforcement  and  the  like.  This  situation 
has  prompted  the  reactivation  of  the  faculty  Parking  and  Traffic  Committee. 

Such  committees  were  active  in  the  past.  We  have  seen  recommendations 
placed  before  the  University  administration  which  would  have  done  much  to 
alleviate  many  of  the  problems  now  plaguing  the  campus  go  into  files  or  the 
wastebosket  unheeded.  Of  course  some  of  these  recommendations  stepped  on  a 
few  people's  toes,  or  called  for  the  acquisition  of  the  more  useless  grass  plots 
for  parking  areas.  Don't  get  us  wrong,  we're  not  in  favor  of  making  every 
grassed  area  a  parking  lot,  but,  we  know  of  quite  a  few  spots  that  could  just  as 
well  be  parking  lots  for  all  the  good  they  serve.  The  idea  is  that  tradition  rules 
over  good  engineering  and  good  common  sense.  Some  day  tell  us  how  many 
times  the  defunct  tennis  court  behind  Talbot  Laboratory  is  used.  Then  tell  us 
how  many  cars  the  plot  would  accommodate. 

We  wish  the  new  Parking  and  Traffic  Committee  well,  they  have  an  uphill 
job,  but,  their  effectiveness  is  only  measured  by  the  extent  to  which  their  recom- 
mendations are  accepted  and  acted  upon. 

WHB. 
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Guiding  light 


in  a  newasfc  of  discoveiy 


Despite  what  has  already  been  accom- 
plished, the  science  of  electronics  is 
yonng.  Yon  can  expect  the  electron  to 
become  even  more  nsefnl— to  ijoii,  in 
your  home,  and  to  the  nation. 

How  useful  it  can  be  is  seen  in  the  ad- 
vances already  made  by  RCA  scientists— 
such  as  the  picture  tube  of  your  television 
set . . .  the  image  orthicon  television  cam- 
era, used  by  every  studio  in  the  nation 
,  .  .  the  amazing  electron  microscope, 
which  magnifies  as  much  as  200,000 
times.  RCA  scientists  now  work  toward 


new  advances— more  powerful  television 
sets  .  .  .  all-electronic  color  television  .  .  . 
UHF  television  .  .  .  new  electronic  sys- 
tems for  industry  and  our  Armed  Forces. 
To  RCA  scientists,  the  challenge  of  tomor- 
row is  more  interesting  than  yesterday's  suc- 
cess. This  pioneering  spirit  assures  you  finer 
quality  in  every  product  and  service  of  RCA 
and  RCA  Victor. 


See  the  latest  in  radio,  televiiion,  and  electronics  at 
RCA  Exhibition  Halt.  36  West  49th  Street,  N.  Y. 
Admission  is  free.  Radio  Carpnralian  of  An 
RCA  Building,  New  York  20,  N.  Y. 


CONTINUE   YOUR   EDUCATION 
WITH    PAY  —  AT   RCA 

Graduate  Electrical  Engineers:  RCA 

N'ictor— one  of  the  world's  foremost  manu- 
facturers of  radio  and  electronic  products 
—offers  you  opportunity  to  gain  valuable, 
well-rounded  training  and  experience  at 
a  good  salary  with  opportunities  for  ad- 
vancement. Here  are  only  five  of  the  many 
projects  which  offer  unusual  promise: 

•  Development  and  design  of  radio  re- 
ceivers (including  broadcast,  short-wa\e 
and  FM  circuits,  television,  and  phono- 
graph combinations). 

•  Advanced  development  and  design  of 
AM  and  FM  broadcast  transmitters,  R-F 
induction  heating,  mobile  communications 
cquipnient,  relay  s\'stems. 

•  Design  of  component  parts  such  as 
coils,  loudspeakers,  capacitors. 

•  Development  and  design  of  new  re- 
cording and  producing  methods. 

•  Design  of  receiving,  power,  cathode 
ray,  gas  and  photo  tubes. 

Write  today  to  College  Relations  Diii- 
sion.  RCA  Victor,  Cnmden,  New  Jerseij. 
Also  many  opportunities  for  Mechanical 
and  Chemical   Engineers  and  Physicists. 


IliDW  ConPORATfOY  OF  AmEIUCA 


World  leader  in  radio— Jirnt  in  tele\;ision 
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mine  near  Danville,  III.  The  180  foot  boom  has  a  dumping  radius 
of  174  feet,  and  it  carries  a  bucket  with  a  capacity  of  25  cubic 
yards.  The  picture  was  taken  by  Assoc.  Prof.  C.  Dale  Greffe  of 
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print  in  National  and  International  Photographic  Salons. 
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TIME  COMPRESSOR 
MACHINE 


by  Charles  Runyan,  E.E.  '57 


Yeai's  nia\  now  be  added  to  \oLir  lite 
Dy  the  use  of  a  newly  invented  "Time 
IZ'onipressor."  It  is  no  longer  a  figment 
Dt  imagination  but  a  reality.  The  Time 
:ompressor  has  been  invented  here  at 
:he  University  of  Illinois,  by  Prof, 
riraiit  Fairbanks,  director  of  the 
speech  Research  Laboratory;  Dean  Wil- 
iam  L.  Everett  of  the  College  of  En- 
gineering; and  Robert  P.  Jaeger,  elec- 
ironics  technician,  formerly  at  the  I'ni- 
.ersity  and  now  with  a  commercial  lab- 
jratory. 

According  to  Prof.  Fairbanks,  the 
iiachine  will  actually  add  effecti\e  \e:irs 
:o  our  lives.  For  example  in  a  normal 
;:venty  year  span  with  15  to  2(1  per 
■e:it  compression,  five  years  of  effecti\e 
:ime  would  be  added  to  our  lives.  In  the 
ealm  of  Education  during  a  normal 
^ight  semesters  work,  one  semester  could 
3e  saved. 

The  Time  Compressor  was  developed 
from  the  well  known  scientific  fact  that 
:he  ear  responds  quicker  than  the  mouth 
uid  can  understand  a  great  deal  faster 
:han  we  can  speak.  Since  the  human 
;peech  organs  can't  be  speeded  up  with- 
out loss  of  diction  and  comprehension,  a 
device  called  the  Time  Compressor  was 
nvented.  It  simply  takes  speech  or  music 
md  compresses  it  without  the  loss  of  a 
iingle  syllable  or  note,  or  without  chang- 
ng  the  frequency  or  pitch.  In  practical 
effect  the  machine  actually  will  shorten 
1  60  minute  speech  to  5(1  minutes  \vitli- 
Dut  detection.  Compressions  of  1(1  per- 
:ent  or  even  20  percent  pass  unnoticed. 
Even  compressions  as  high  as  50  percent 
does  not  destroy  understanding  of  speech. 
Music  put  through  the  Time  Compres- 
sor has  its  tempo  increased,  but  the  pitch 
and  clarity  of  individual  notes  aie  un- 
:hanged. 

Possible  Uses  of  Time  ('oni pressor 

.Although  Prof.  Fairbanks  was  reluc- 
tant to  predict  possible  uses  of  the  ma- 
chine, some  that  have  been  submitted  are 
as  follows:  radio  programs  "tailored" 
to   fit   broadcast    time;    "talking    books" 


for  the  blind  presenting  information  un- 
derstandably at  nearly  twice  the  present 
speed ;  unbelievable  rapidity  and  preci- 
sion in  music,  actually  offering  new  mu- 
sical experiences;  conferences,  conversa- 
tions, airport  control  direction,  etc.,  re- 
corded on  less  tape  and  reviewed  in 
much  less  time;  faster  presentation  of 
facts  in  broadcasts  beamed  behind  the 
iron  curtain,  and  therefore  less  danger 
to  listeners;  faster  reports  over  long  dis- 
tance  telephone  or   radio;  new  produc- 


tion oppcntunities  for  motion  pictures 
and  television;  and  new  techniques  for 
teaching.  There  are  undoubtedly  a  hun- 
dred or  more  other  possible  uses  for  the 
Time  Compressor. 

How  Time  Compressor  Works 

As  has  been  said  before  much  of  what 
we  speak  can  be  classified  as  redundant 
and  can  be  eliminated  without  affecting 
understanding.  This  is  the  principle  of 
the  Time  compressor.  It  merely  removes 


Prof.  Grant  Fairbanks  (left)  and   Dean   W.  L.   Everitt  with  the  "time  com- 
pressor" invented  at  the  University  of  Illinois.  (U.  of  I.  Newsphoto) 
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Prof.  Grant  Fairbanks  demonstrates  time  compression  by  the  use  of  phe- 
nomes.  The  "time  compressor"  was  invented  at  the  University  of  Illinois. 


this  oral  redundancy  mechanically. 
During  the  experimenting  stage.  Prot. 
Fairbanks,  after  working  out  the  theor- 
etical principles,  made  a  tape  recording 
and  cut  it  into  small  bits.  Each  of  these 
bits  of  tape  covered  a  few  hundredths 
of  a  second  of  the  recording  time.  Then 
he  threw  away  every  other  one  and 
pasted  the  remaining  ones  back  together. 
The  result  was  a  little  rough  but  luuler- 
>randable  even  though  half  of  the  sound 
hail  been  omitted.  Then  the  Time  Com- 
pressor was  devised  to  discard  portions 
of  the  incoming  sound  automaticalh  and 
to  push  the  retained  portions  together 
smoothly  without  changing  the  pitch  of 
the  resulting  signal.  This  is  accomplished 
without  actually  cutting  the  tape.  A  sim- 
ple way  to  looic  at  the  machine  is  this: 
if  you  removed  every  other  board  from 
a  fence,  and  pushed  the  remaining  boards 
close  together,  you  would  have  a  com- 
pressed fence.  If  a  sign  in  large  letters 
had  been  painted  on  the  fence,  you  could 
still  read  the  compressed  sign,  and  it 
would  be  in  the  original  color  and  shape. 
The  mechanism  involves  a  continuous 
loop  of  recording  tape  on  which  sound 
is  temporarily  stored,  and  a  set  of  four 
[lickup  heads  in  a  revolving  drum  around 


which  the  tape  makes  a  right-angle  turn. 
The  pickups  are  arranged  like  the  spokes 
of  a  wheel.  C)nl\  one  touches  the  tape 
at  a  time,  and  as  one  moves  off  another, 
one  comes  in  contact.  As  far  as  the  out- 
going sound  is  concerned,  the  playback 
is  continuous,  but  actually  that  part  of 
the  original  sound  which  was  between 
the  two  contacts  and  untouched  by  them 
is  left  out.  In  order  for  this  to  be  ac- 
complished, the  tape  and  drum  are  run 
at  different  speeds  and  if  varied  inde- 
pendenth'  any  degree  of  compression  can 
be  obtained.  If  the  drum  is  rotated  op- 
posite to  that  of  the  tape,  each  pickup 
will  overlap  and  the  bit  of  sound  there 
will  be  repeated  and  the  machine  be- 
comes a  "time  expander." 

Theory  of  Time  Compression 
and  Expansion 

For  purposes  of  explanation  a.ssume 
two  different  sounds,  A  and  B,  of  equal 
duration  as  shown  in  Fig.  1.  A'  and  B' 
are  the  same  as  sounds  A  and  B,  but 
shorter  in  duration,  but  still  adequate 
for  perception.  A'and  B'  are  extracted 
from  A  and  B  and  abutted  in  time  as 
shown  without  discontinuity,  and  the 
redundant  sound  A-A'  and  B-B'  are  dis- 


carded. If  the  sounds  A'  and  B'  are  re- 
produced, the  time  will  be  shorter  than 
t!ie  original  A  and  B  bur  will  be  just  as 
perceptible. 

In  the  case  of  expansion,  assun.e  that 
sounds  A  and  B  are  caused  to  be  re- 
peated, as  in  the  middle  portion.  If 
.\,  .\,  B,  B  is  reproduced  the  time  will 
be  longer  and  the  auditory  effect  should 
be  th.it  of  prolongation  of  A  and   B. 

Finally,  assume  that  A  and  B  are 
first  compressed  to  A'  and  B'  and  then 
expanded  to  A'  A'  B'  B'  as  shown  at 
the  bottom  of  Fig.  1.  Here  the  original 
rime  for  A  and  B  has  been  restored. 
A  and  B  have  been  reconstructed  from 
A'  and  B'. 

C,  0 mprcssio n  Process 
The  time  compression  depends  on  the 
revolving  head  assembly  and  the  four 
lettered  playback  heads  shown  in  Fig. 
2.  The  tape  passes  over  the  drum  and 
is  in  contact  with  14  of  its  circumfer- 
ence, or  a  distance  equal  to  the  peri- 
pheral distance  between  any  two  ad- 
jacent playback  heads.  The  tape  is  re- 
tained by  flanges  around  the  drum  peri- 
pherw  Tape  direction  is  constantly  coun- 
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ter-lockwise.  In  the  compression  applica- 
tion the  direction  of  drum  rotation  is 
also  counter-clockwise.  Under  load  the 
top  tape  velocity  is  approximately  1*^0 
in.  sec.  The  top  peripheral  drum  ve- 
locity is  about  225  in. /sec. 

For  purposes  of  explanation  the  tape 
is  divided  into  numbered  segments,  each 
equal  to  the  distance  between  heads. 
The  relative  positions  of  tape  and  heads 
are  shown  at  representative  times.  The 
diagram  shows  50'^'f  time  compression 
as  an  example. 

In  part  I,  segment  1  is  shown  at  t,, 
when  it  first  comes  into  contact  with 
the  drum.  At  this  time  it  is  intercepted 
by  head  A,  which  is  moving  in  the  same 
direction.  If  the  drum  were  stationary, 
reproduction  would  be  one-for-one.  If 
its  velocity  were  equal  to  the  tape,  no 
signal  would  be  reproduced.  Between 
times  I  and  II,  however,  head  A  mo\es 
through  1/4  of  a  revolution.  Duruig 
the  same  interval  tape  segments  1  and  2 
pa.ss  through  the  9  o'clock  point  where 
head  A  was  at  t„.  As  a  result,  head  A 
reproduces  segment  1  during  that  inter- 
val. The  effective  tape  velocitv'  is  V,-Vi,. 
In   the   example   diagrammed   Vi,   equals 
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V,  2  which  equals  the  ettective  veloc- 
ity. Therefore,  the  frequencies  of  seg- 
ment 1  as  reproduced  by  head  A  are  di- 
vided by  2. 

At  tini"  II  head  A  is  at  (>  o'clock  ami 
head  B  is  at  ^)  o'clock,  while  segment 
2  lies  between  them  in  contact  with  the 
drum.  Head  A  is  about  to  lea\e  the 
drum,  while  head  B  is  about  to  begin 
reproducing  segment  2.  Although  there 
is  no  discontiiuiit\',  segment  2  is  not 
reproduced  by  an\  head.  The  remaining 
diagrams  show  how  the  process  con- 
tinues, the  odd  numbered  segments  being 
reproduced  at  reduced  Irequency  and 
the  even  numbered  segments  being  dis- 
carded. It  is  evident  that  various  dura- 
tions of  either  reproduced  or  discarded 
segments  can  be  realized  by  \ar\ing  the 
absolute  and  relative  velocities  of  tape 
and  head,  and  that  a  range  of  sampling 
frequencies  and  compression  ratios  can 
thus  be  produced. 

The  output  of  the  device  with  respect 
to  time  is  diagramed  at  the  right  of  Fig. 
1.  Between  times  I  and  II,  for  exam- 
ple, .segment  1  is  reproduced  by  head  A 
the  time  necessary  for  both  segments 
1   and  2  to  pass  a  point.    Head    B   then 

EXPANSION-STORAGE  !  PLAYBACK 
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reproduces  segment  i.  etc.  The  final 
yield  of  segments  1,  3,  3,  and  7.  When 
these  segments  are  stored  at  a  given 
speed  and  then  reproduced  at  an  ap- 
propriately higher  speed,  their  original 
frequencies  are  restored  and  the  elapsed 
time  is  .shortened. 

With  respect  to  duration  the  odd- 
numbered  .segments  are  termed  sampling 
intervals;  the  even  numbered  segments 
discard  intervals.  The  reciprocal  of  their 
summed  durations  is  the  sampling  fre- 
quency. The  discard  inter\al  divided  by 
the  sum  of  the  two  intervals  will  be 
termed  the  compression  precentage.  Since 
sampling  is  periodic  the  ratio  applies  also 
to  the  total  message  time,  and  describes 
the  percentage  by  which  that  total  time 
has  been  reduced.  Fig.  4  shows  the  meth- 
od of  time  compression. 

Expansion  Process 

Fig.  .1  shows  a  sniiil.-ir  diagram  for 
'  expansion.  Here  the  drum  bearing  the 
I  playback  heads  revokes  in  a  direction 
j  opposite  to  that  of  the  tape.  The  ex- 
i  ample  shows  the  condition  when  these 
I  velocities  are  equal.  The  effective  \  e- 
1  locit\'  is  equal   to  their  sum. 
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At  T,,.  shown  at  1,  segment  1  is  in 
contact  with  the  lirum  between  heads 
A  and  D.  During  the  next  interval  head 
I),  as  it  moves  from  6  o'clock  to  9 
o'clock,  will  reproduce  both  segments  1 
anil  2  and  then  leave  the  tape.  At  that 
time  it  will  be  replaced  by  head  C, 
which  has  moved  to  the  6  o'clock  posi- 
tion to  intercept  the  tape  at  the  begin- 
ning of  segment  2,  and  which  will  repro- 
iluce  segments  2  and  ^  during  its  sweep. 
The  result,  shown  at  the  right,  is  that 
between  times  1  and  11,  while  segments 
1  and  2  are  pa.ssing  the  (i  o'clock  point, 
segments  1,2,2,3  are  reproduced. 

Since  the  effective  tape  velocit\  has 
been  increased  by  the  opposite  movement 
of  head  and  tape,  frequency  multiplica- 
tion has  been  incurred.  The  original  fre- 
quencies are  restored  by  reproducing  the 
processed  message  in  an  appropriately 
longer  time.  The  amount  of  time  thus 
added  divided  by  the  original  time  is 
the  expansion  percentage.  In  the  dia- 
gram this  equals  100*^;.  Fig.  5  shows 
a  block  diagram  of  time  expansion. 

The  machine  has  another  important 
possibilit>'.  Instead  of  compressing  time 
it  can  be  used  to  compress  the  tones  of 
a  voice,  and  then  to  expand  them  back 
to  original  understandability.  This  is  an 
almost  instantaneous  process  which  may 
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permit  a  telephone  or  radio  circuit  to 
carr>'  man\'  conversations  where  one  now 
is  carried.  This  problem  of  "bandwiilth 
reduction"  has  interested  engineers  for  a 
long    time.      The\     h:i\e    found    \arious 
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wa\"s  of  making  circuits  do  multiple 
duty,  and  now  the  compressor  may  offer 
another  possibilitv  of  carrying  more  mes- 
sages without  building  more  expensive 
transmission    facilities. 

The  University  Foundation  has  ap- 
plied for  a  patent  on  the  "time  compres- 
sor" and  will  soon  grant  permission  to 
companies  to  come  to  the  L  .  of  I  and 
make  copies  for  use  in  finding  out  its 
commercial   possibilities. 


Husband  in  mo\:e:  Can  \()u  .see, 
dear? 

Wife:  Yes. 

Hubb\  :   Is  there  a  draft  on   \ou  ? 

Wife:  No. 

Husband:    Is   \our  seat   comfortable? 

Wife:  Yes. 

Husband:   Let's  change  seats. 

Mark  Twain  once  debated  pohgamy 
with  a  Mormon.  The  Mormon  claimed 
polygamy  was  perfectly  moral  and  de- 
fied Mark  to  cite  an\'  passage  of  Scrip- 
ture which  forbade  it. 

"Well,"  said  Twain,  "how  about  that 

passage  that  tells  us  no  man   can  ser\e 

two  masters?" 

»        »        * 

The  local  reporter  was  interviewing 
the  grandfather  of  a  Hollywood  star. 

"Does  Bill  ever  come  back  to  the 
old  farm  since  he's  such  a  big  shot  in 
the  moxies?  "  he  asked. 

"Every  summer,"  saiil  the  old  man 
proudly,  "E\ery  one  of  the  fi\e  sum- 
mers he's  been  away." 

"And  did  he  bring  his  wife  with 
him  ?" 

"Every  time,  "  replied  (iran<lpa,  "and 
they  was  five  as  purty  girls  as  you  e\er 
laid   eyes  on." 

Some  of  the  most  profitable  fiction  in 
the  world  has  been  composed  by  college 
students  writing  home  for  money. 

*        ■*        » 

The  best  gifts  are  always  tied  up  with 
the    heartstrings. 
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ON  THE  BANKS  OF 
THE   BONEYARD 


by  Alan  C.  England,  E.  Physics  '54 


I'uttire  Salaries 

la  the-  October  issue  of  the  I  (ran 
Engineer,  Mr.  M.  M.  IJoriiig,  manager 
of  the  (jeneral  Electric  Company  Tech- 
nical Personell  Divisions,  ga\e  some 
facts  of  interest  to  future  engineers.  He 
states  that  the  average  engineer  will 
acquire  a  position  paying  $350  per  month 
upon  graduation  and  will  be  making 
$830  per  month  in  fifteen  to  twenty 
years.  Most  engineers  will  not  have  to 
worry  about  being  fired  in  case  of  a 
depression.  Doctors  have  the  highest 
salaries  in  general  with  engineers  and 
scientists  next  followed  by  dentists  and 
lawyers.  The  bright  side  of  this  story 
is  that  the  doctor  has  to  spend  twelve 
years  in  school  to  the  engineers  four, 
must  make  a  large  investment  in  equip- 
ment, has  a  shorter  life  expectance,  and 
a  shorter  professional  life.  The  need  for 
engineers  this  year  and  in  future  years 
far  exceeds  the  number  graduating.  Only 
about  21,l)(ll)  will  graduate  this  year 
while  the  demand  is  close  to  twice  that 
figure. 

Engineering  C ouncil 

At  the  October  15  meeting  of  the 
Engineering  Council  several  positions 
were  filled  for  major  engineering  ac- 
tivities in  the  coming  year. 

George  Hunt  uas  named  chairman 
of  the  Engineering  C^pen  House  com- 
mittee for  l')54  and  Olenn  Zieman  was 
named  chairman  of  St.  Pat's  Hall.  The 
possibility  that  the  Souder-Pinnegan 
Orchestra  might  be  hired  for  St.  Pat's 
Ball  was  suggestetl. 

A  booklet  on  engineering  societies  and 
fraternities  was  viewed  by  council  mem- 
bers for  the  first  time.  This  booklet 
was  compiled  by  the  Council. 

A  polonies  to  J.  Kilmer 

Recently,   in   the   back   of   an    English 
Literature    book,     the     following    poem 
was  found.  It  had  evidently  been  written 
by    a    frustrated    engineer. 
Slide    rules 
I    think   that   I    shall    ne\cr   fool, 
A  gadget  handy   as  a  slide   rule. 
A  ride  that  may  be  fourul  all   \ear 
On  the  hip  of  any  engineer. 
-A    rule   whose   indicator    is   pressed 


'Tween    the    th\unbs   of   one   slo\enly 

dressed. 
A  rule,  though  used  all  the  day, 
That  ne\er  seems  to  be  in  the  wa\. 
Poems  are  made   by   fools   like  me. 
Hut  slide   rules   are   made  onh    bv    1\ 

and    i;. 

7  lie  lioueyiird 

"Hy  the  shores  of  Alma  .Mater, 
By  the  shining    Honeyard    Water, 
Stood  the  wigwam  of  Illiniwek.  .  .  ." 

Our  humble  apologies  to  Henr\' 
Wadsworth  1/ongfellow  for  desecrating 
his  work  so,  but  this  will  serve  as  an 
introduction  for  the  freshman  to  one  of 
the  members  of  the  Illini's  household 
of  sundry  traditions  and  campus  spots — 
the  Honeyard. 

The  Hone\ard,  a  tributary  to  a  tribu- 
tary of  the  Wabash  River,  achieved  its 
mysterious  title  when  the  earliest  settlers 
to  Illinois  territory  came  upon  it  so 
many  years  ago.  Apparently  a  group  of 
animals  (or  maybe  despondent  students) 
huddled  in  a  hollow  of  the  bank  for 
shelter  (or  maybe  for  a  beer  party). 
.Anyway,  regardless  of  their  origin,  they 
died  leaving  only  a  decaying  pile  of  old 
bones  and  carrion.  The  early  settlers 
{incidentally,  now  history  professors) 
capitalized  on  the  opportunity  to  name 
the  picturesque  creek  the  "honeyard." 
Since  then  it  has  been  nicknamed  .several 
times,  and  one  president  of  the  univer- 
sity even  tried  to  have  it  officially  titled 
"Silver  Creek,"  but  through  the  \'ears 
just  one  name  has  survived  the  endless 
cycles  of  matriculation  and  graduation 
at  the  old  State  U. 

We  regret  having  to  construct  the 
epilogue  on  a  sad  note,  but  it  is  our  re- 
luctant duty  to  report  that  the  romantic 
Honeyard  has  degenerated  into  a  melting 
pot  for  all  the  commercial  garbage  dis- 
|iosal  and  sewage  systems  in  Chanipaign- 
l  rbana.  Where  "Silver  Creek"  may 
once  have  been  apropos,  "Filthy  Firth" 
is  now  more  suitable.  However,  once 
a  tradition,  always  a  tradition,  and  the 
Honeyard  is  a  permanent  fixture  in 
mini    loie. 

Chemists  Take  Note 

The  followuig  discomse  was  fo\uul 
last  week  in  one  of  the  dim  basement 
corners  of  Noves  Lab. 


\  en    Comman<lments   for   Chemists 

1  )    I    am    the    word,    thy    chemistry 
text — memori/i-    me. 

2)  Thou  shalt  not  take  the  name  of 
thy    lab.   instructor   in    vain. 

3)  Remember  the  laboratorv  to  keep 
it  spotless. 

4)  Honor  tin   lab  partner's  answers. 

5)  Thou     shalt    not    spit    into    tin 
neighbors  unknown. 

fa)    Thou   shalt   not   pencil    titrate. 

7)    Thou    shalt     not    bu\     th\     end 
product. 

<S )    Thou    shalt    not    bear    false    an- 
s«'ers  to   th\'   lab   instiuctor. 

9)  Thy  shalt  not  co\et  tin  labora- 
tory reagents. 
10)  Thy  shalt  not  covet  thy  neigh- 
bors beakers,  nor  his  test  tubes, 
nor  his  Dewar  flasks,  nor  any- 
thing that  is  thy   neighbors. 


Kind  words  are  short  to  speak,  but 
their  echoes  are  endless. 

There  is  no  such  thing  as  a  big  job. 
Any  job,  regardless  of  size,  can  be  brok- 
en down  into  small  jobs,  which,  when 
done,  complete  the  large  job. 

*  s         * 

There's  a  rumor  going  around  that 
the  government  is  considering  i.ssuing 
this  directive:  Anything  that  moves, 
control  it.  If  you  can't  control  it,  tax  it. 
If  you  can't  tax  it,  give  it  a  billion  dol- 
lars. 

*  *        * 

"How  is  it,  sir,  you  can  make  such  a 
substantial  reduction  in  the  price  of 
your  apples  for  your  friends,  and  still 
make  such  enormous  profits  on  thein?" 

"Well,  you  see  it's  this  way.  I  knock 
off  two  dollars  a  barrel  because  he's  a 
friend  of  mine,  and  then  I  knock  two 
bushels  off  the  barrel  because  I'm  a 
friend  of  his." 

*■       *       * 

In  matters  of  romance  most  girls  hate 
a  quitter — and  also  a  beginner. 

s-        *        * 

At  most  burlesque  shows,  if  the  girls' 
clothes  don't  drop  off,  the  attendance 
does. 

*  «        * 

All  the  average  man  wants  in  a  wom- 
an are  the  bare  necessities. 

*  *       * 

A  gigolo  is  a  man  who  loves  his  work 

and  vice  versa. 

*  ■*        * 

C^r  as  Mama  Gini  said  to  Papa  (inu: 
"Hud,  I've  got  gnus  for  you." 

*  -*        » 

Steward  on  an  Ocean  Liner:  "Your 
lunch  will  be  up  in  a  minute,  Mr. 
Jones." 

Seasick  passenger:  "So  will  nn'  break- 
fast." 
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AIR   PROGRESS  .  . 


NEW  WORLD'S  AIR 
SPEED  RECORD 


by  Howie  Hadler,  Ag.  E.  '55 


Only  fifty  years  ago,  the  Wright 
brothers  completed  the  first  successful 
flight  with  an  airplane.  This  achieve- 
ment in  the  science  of  flight  seems  very 
small  today  compared  to  present  stand- 
ards of  flight.  This  first  successful  air- 
plane was  very  crude,  and  the  first 
flight  lasted  for  only  a  few  short  .seconds 
and  extended  over  a  very  short  distance. 
Today,  only  fifty  years  since  that  first 
successful  flight,  air  trips  of  thousands 
of  miles  over  a  period  of  many  hours 
are  everyday  occurrences.  And  the  speeds 
of  present  day  aircraft  compared  to  those 
of  the  Wright  brothers  craft  make  their 
efforts   seem    somewhat    insignificant. 

On  Thursday,  October  29,  the  Air 
Force  reclaimed  the  world's  speed  record 
for  its  new  North  American  F-lOO 
Super  Sabre  with  one  searing  pass  over 
the  15  kilometer  course  of  767  miles 
per  ho\ir  and  an  a\erage  speed  of  7t4.QS 
niph. 

Lt.  Col.  F.  K.  (Pete)  Everet,  .v?. 
Chief  of  til'.'  Flight  Test  Operations 
Faborator\  at  the  Research  and  Devel- 
npinent  Command's  Edwards  Air  Force 
liase,  California,  roared  across  the  near- 
l\  nine  mile  course  in  rims  of  767.276 
and  7.U.6S4  mph.  The  course  extended 
over    California's    Salton    Sea. 

( )fficial  National  Aeronautic  Assn. 
1  inier  Bertrand  Rhine  of  Los  Angeles, 
^aiil  the  mark  would  be  submitted  as 
a  new  world's  speed  record.  He  said 
under  Federation  Aeronautique  Inter- 
iiarional  rules  the  fastest  average  speed 
till  either  the  15  or  3  kilometer  course 
is  recognized  as  the  top  official  world's 
mark.  The  FAI  is  the  international  bod\' 
which    regulates    all    air    speed    records. 

The  previous  world  record  was  set  by 
a  Navy  Douglas  F4D  Skyray  over  a 
three  kilometer  course  at  a  speed  nt 
7"i3.4  miles  per  hour.  Colonel  Everest 
flew  nearly  IS  miles  in  setting  the  new 
mark  o\er  the  I  ^  kilometer  course  as 
compared  to  a  total  of  7.2  miles  flown 
for  the   three   kilometer   record. 

The   top   speed   of   707.889   miles   per 


hour  for  a  15  kilometer  course  was  set 
September  I  at  the  National  Aircraft 
Show  in  Dayton,  Ohio,  by  Air  Force 
Capt.  Harold  (Tom)  Collins  in  a 
North  American  F-86D  Sabre  Jet. 
"This   1  5  kilometer  course  is  a  touiih 


Colonel  Everest  pre\iousl\  had  flown 
the  P"-l()()  over  a  nearby  three  kilometer 
course  at  an  average  speed  of  757  miles 
per  hour. 

Billowing    black    smoke   marked    each 
end   of   the   course   and   the   shoreline   at 


Air  Force  Lt.  Col.  F.  K.  (Pete)  Everest,  33,  piloted  the  F-lOO  to  a  new  world's 
record  of  754.98  mph.  (Photos  courtesy  North  American  Aviation,  Inc.) 


one  to  fl>  because  at  least  lialf  of  it  is  the  noirli  end  of  the  site  to  guide  Colonel 
over  water  and  it  is  difficult  to  pick  Everest  in  his  runs.  Official  timing  of 
out  landmarks,"  the  veteran  test  pilot  the  run  was  with  a  Speed  Graphic  Pace- 
declared.  "It's  much  harder  to  hold  a  maker  camera  with  Polaroid  Land  Backs 
steady  course  for  such  a  long  distance."  and  an  electronic  counter  chronograph. 
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The  North  American  F-lOO  which  hit  767  mph.  on  one  pass  and  averaged 
754.98  over  a  15  kilometer  course  at  California's  Salton  Sea. 


i'ulliiij;  up  attfv  his  first  pass  within 
a  ivw  minutes  after  takeoff  from  El 
Ceiitro  Na\al  Air  Station.  Colonel 
Lverest  made  a  sweeping  turn  and  head- 
ed his  plane  toward  the  course.  "I'm 
going  to  kick  it  in  the  tail,"  he  radioed. 
Seconds  later  the  needle  nose  of  the 
K-10()  flashed   across  the  finish   line. 

.Although  racing  rules  permit  the  15 
kilometer  course  to  be  run  at  any  alti- 
tude Colonel  Everest  held  the  F-1fl() 
within  11)0  feet  of  the  ground  on  both 
passes. 

The  F-UK)  is  the  Air  Force's  first 
jet  fighter  capable  of  breaking  through 
the  sound  barrier  in  level  flight  at  al- 
titudes where  it  will   fight. 

The  Super  Sabre  is  powered  by  a 
Pratt  and  Whitney  J-57-7  turbojet 
engine  with  afterburner.  It  is  45  feet 
long,  14  feet  high  and  has  a  wing  span 
of  ,?6  feet.  Its  service  ceiling  is  abo\e 
SO.OOO  feet  with  a  combat  radius  of 
more  than    ^00  nautical  miles. 

Colonel  Everest  is  a  World  War  II 
ace  and  has  more  than  4500  hours  of 
flying  time,  a  great  portion  of  it  testing 
and  evaluating  Air  Force  planes.  He 
has  flown  all  current  production  models 
and    research   and   development  aircraft. 


Clerk  (asking  for  a  raise)  :  I  cannot 
even  buy  a  pair  of  shoes. 

Boss:  Then  I'll  have  to  let  you  go. 
We  can't  tolerate  bare  feet  around  here. 

Judge:  One  year  and  fift\  dollars 
fine. 

Lawyer:  I  move  to  have  the  sentence 
reversed. 

Judge:  (Granted.  Fifty  years  and  one 
dollar  fine. 

*        *        » 

A  big  .shot  is  a  little  shot  that  kept 
right  on  shooting. 


Two  ghosts  sat  upon  an  overturned 
tombstone  to  talk  shop. 

"Ry  the  way,  pal,"  asked  one,  "do 
you  believe  in  human  beings." 

Wsterday  is  a  cancelled  check ;  to- 
morrow is  a  promissory  note ;  today  is 
the  only  cash  you  have.  Spend  it  wisely. 


It  was  a  hearing  to  investigate  a  case 
of  suicide.  When  the  jury  filed  back  in, 
the  foreman  arose  and  gave  the  verdict: 
"The  jury  is  all  of  the  same  mind — 
temporarily  insane." 


Visitor:  W'hat  will  \()u  do  when  you 
are  as  big  as  your  Mother? 
Little  Susv:  Diet. 


"Can  the  baby  talk  \et,  Tom?" 
"You    betcha.    \ow    we're    teaching 
him   to  keep  quiet." 

»         a         * 

Some  people  think  they  are  big  shots 
just  because  the\'  explode. 

— Arknnsoi  Baptist 

*  ^        ^ 

The   art  of  acceptance  is  the   art   of 
making  someone   who   has   done   you    a 
small    favor   wish    that   he   might   have 
done  you  a  greater  one. 
«        *        -» 

If  you  keep  an  open  mind,  there's  a 
chance  that  something  valuable  might 
drop  into  it. 

*  *       ♦ 

Do  the  best  you  can.  The  forests 
would  be  very  quiet  if  all  the  birds  were 
quiet  except   the  best  singers. 


•  There's  a  K&E  slide  rule  for  every  purpose.  Whether  designed 
to  meet  the  modest  needs  of  the  beginner  or  the  exacting  require- 
ments of  professionals,  all  K&E  rules  feature  "built  in"  accuracy 
and  reflect  the  skill  and  craftsmanship  of  America's  most  experi- 
enced slide  rule  manufacturer. 

KEUFFEL  &  ESSER  CO. 

NEW   YORK    •    HOBOKEN,   N.   J. 

Chicago  •  St.  Louis  •  Detroit  •  San  Francisco  •  los  Angeles  •  Montreal 
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DUCTILE 
CAST   IRON 


by  Larry  Kiefling,  M.  E.  '56 


All  ferrous  metals  are  composed  of 
one  or  a  combination  of  several  crystal 
and  carbon-alloy  forms.  Each  of  these 
forms  has  greatly  different  physical 
characteristics. 

Pig  iron  as  it  comes  from  the  blast 
furnace  may  contain  as  much  as  4.v, 
dissolved  carbon.  The  cementite  which 
is  formed  is  very  hard  and  brittle.  Much 
of  the  carbon  must  be  removed  during 
the  manufacture  of  steel. 

The  carbon  content  of  gray  iron  is 
greatly  reduced  b\'  the  addition  of  a 
large  amount  of  steel  scrap  to  the 
charge.  The  metal  is  cooled  slowh    and 
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flu  L.iibon  IS  caused  to  precipitate  as 
Mil. ill  flakes  of  graphite.  Since  the  ten- 
mIc  strength  of  graphite  is  very  low, 
the  metal  also  has  a  low  tensile  strength. 
1  he  compression  strength  is  almost  un- 
attccted.  If  the  metal  is  rapidly  cooled, 
white  cast  iron  is  formed.  White  cast 
I  run  is  composed  mostly  of  hard,  brittle 
nnicntite.  Malleable  cast  iron  is  pro- 
iliiied  by  annealing  white  cast  iron.  It 
i^  both  slightly  malleable  and  ductile. 
I  he  change  in  properties  is  caused  by 
till-  \er\-  tin\-  flakes  of  graphite  which 
.111-  formed. 

At  an  American  Foundrymen's  So- 
ciety meeting  in  May,  1948,  the  Inter- 
,  national  Nickel  Co.  announced  a  new 
form  of  cast  iron  that  may  revolutionize 
'the  ferrous  metals  industry.  This  ma- 
:  terial,  called  spheroidal  cast  irron,  nodu- 
I  lar  cast  iron,  or  ductile  cast  iron,  is 
I  manufactured  by  the  same  process  as 
[gray  iron,  but  has  a  tensile  strength  al- 
I  most  as  great  as  more  expensive  steel. 


Dutcile  cast  iron  is  made  by  adding 
a  small  amount  of  an  alloying  element 
to  cause  the  graphite  which  is  precipi- 
tated in  the  solution  to  form  into  tin\' 
spheres.  This  spheroidal  form  minimizes 
the  effect  of  the  graphite  until  it  is 
neglible.  ^Vlany  of  the  alkali  earth  metals 
ha\e  been  tried  as  alloying  agents,  but 
Magnesium  seems  to  be  the  best. 

Early  efforts  to  produce  ductile  cast 
iron  by  superheating  and  the  addition 
of  a  large  amount  of  silicon  met  with 
mixed  results.  E.  Piwowarski  reports 
lOO','  spheroidization  with  iron  super- 
heated in  an  acid  lining  and  inoculated 
with  .1',  ferrisilicon.  Superheating 
alone,  in  a  basic  lining  did  not  produce 
a  spheroidal  structure,  but  spheroidiza- 
tion was  produced  by  the  addition  of 
.  I '  c  ferrisilicon.  It  was  found  that 
traces  of  impurities  such  as  titanium  car- 
bide or  aluminum  hindered  spheroidal 
crystalization. 

German  patent  541,296  (Feb.  1928) 
covers  a  process  for  the  improvement  of 
cast  iron.  It  specifies  that  "free  and 
uncombined  metallic  calcium  must  be 
present  in  the  melt,  because  only  this 
free  metallic  calcium  effects  or  promotes 
the  graphite  formation."  Calcium  has 
produced  various  degrees  of  spheroidal 
graphite  in  laboratory  experiments,  but 
the  process  has  never  become  commer- 
cially important.  Some  success  has  been 
attained  with  the  use  of  cerium  as  an 
alloying  metal. 

The  INCO  process  has  been  much 
more  successful  than  any  of  the  others, 
however.  Over  100  companies  had  been 
licensed  by  Sept.  1950.  This  process 
uses  a  75';  Ni-25'~r  Mg  alloy  to  bring 
about  the  spheroidization  of  the  gra- 
phite. Alloys  such  as  80%  Cu-20%  Mg 
and  25%  Ni-50%j  Mg-25%  Si  are 
used  to  save  expensive  nickel.  Mg-Si 
alloys  have  not  given  uniform  results 
due  to  the  rapid   reaction. 

\ii  /.•(/  Ic  nils  til  i/iiiiiisi  dm  tility  nnil 
decrease  tensile  strength.  As  nickel  is  hy 
fur  the  most  ex/>ensive  of  the  alloying 
elements,  efforts  are   heing  made   to   re- 


play it  hill  little  success  ht.S  been  en- 
countered. 

While  less  than  .75'^;  copper  increases 
strength  and  hardness  more  copper  will 
not  dissolve  and  the  strength  is  lonered. 
Copper  causes  a  marked  drop  in  ductil- 
ity. Copper  is  undesirable  where  high 
ductility  is  needed,  but  is  desirable  where 
increased  hardness  is  needed.  The  ef- 
fect of  copper  is  minimized  b\-  anneal- 
ing. 

A  high  silicon  content  is  necessary  to 
obtain  a  complete  modification  of  gra- 
phite form.  Silicon  has  a  moderate  ef- 
fect when  it  forms  1.5'/(  go  2.7%  of 
the  solution,  but  brittleness  is  caused  by 
more  than  3.0%  silicon.  Tensile  strength 
increases  7,000  psi  with  each  per  cent 
increase  in  silicon  content.  This  gives  a 
distinct  advantage  over  gray  iron  where 
a  large  silicon  content  cau.ses  large  gra- 
phite flakes.  Ferrisilicon  is  used  in  the 
manufacture  of  both  malleable  and  duc- 
tile cast  iron  to  bying  about  the  change 
change  in  graphite  structure.  The  usual 
practice  is  to  inoculate  with  ferrisilicon 
immediately  preceding  pouring. 

Ductile  cast  iron  must  be  relati\ely 
free  of  sulfer.  Since  much  of  the  man- 
ganese used  in  cast  iron  is  needed  to 
neutralize  sulfer,  the  manganese  content 
in  ductile  iron  can  be  substantially  lower 
than  in  other  forms.  In  gray  iron  with 
a  sulfer  content  of  .1*;';  and  a  manga- 
nese content  of  .6%,  .45%  manganese 
is  needed  to  neutralize  sulfer.  Manga- 
nese is  a  strategic  material  which  must 
be  imported.  Ductile  iron  may  reduce 
the  need  for  manganese  about  7, 000, 000 
pounds   per  year. 

Carbide  forming  elements  such  as 
chromium  should  be  ab.sent  to  get  duc- 
tility in  the  as  cast  condition.  Phos- 
phorus forms  its  usual  brittle  phosphide 
network  within  the  metal.  Ductility 
\aries  inversely  as  phosphorous  content 
up  to  .2' 'i .  Phosphorous  does  not  hinder 
the  formation  spheroidal  graphite.  An- 
nealing does  not  change  the  effect  of 
phosphorus. 

Ductile  cast  iron  has  the  same  process 
advantages  that  ha\e  made  cast  iron 
popular  for  centuries.  The  great  tensile 
strength  makes  economical  production 
(if  man\-  parts  possible  for  the  first 
time.  Production  of  ductile  cast  iron 
is  only  slightly  different  than  the  pro- 
duction of  gray  iron.  The  same  furnaces 
and  pouring  equipment  is  used  although 
larger  gates  are  sometimes  needed.  Syn- 
thetic green  sand  is  used  for  molds. 
Heavier  risers  are  needed  on  molds  be- 
cause of  high  coeficient  of  expansion. 
The  metal  has  a  low  melting  point,  ex- 
ceptional fluidit\',  and  a  high  surface 
tension.  These  good  pouring  and  mold- 
ing properties  are  distinct  advantages. 

High  magnesium  lo.ss  is  a  problem 
that  must  yet  be  solved.  About  70%- 
of  the  magnesium  addeil  is  thrown  from 
the  melt   as   \apnr.   Wa\s  are  being  in- 
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\cntfil  to  help  control  this  \ioliiit  ic- 
action.  The  magiu'siuin  yiclil  must  be 
fairK  constant  in  order  to  get  uniform 
composition  with  each  melt.  The  com- 
position values  need  not  be  so  exact  if 
heat  treatment  is  intended. 

Production  of  ductile  cast  iron  in 
l'<4')  was  .U>(l()  tons.  Kxpected  produc- 
tion for  U'Sn  was  I  S-JO, ()()()  tons.  Pieces 
cast  ranged  from  small  C  clamps  weigh- 
ihng  a  few  ounces  to  uge  hammer  an- 
vils weighing  40,00(1  pouiuls.  Section 
thicknesses  varied  from  '  |  inch  to  .M) 
inches. 

Kmil  j.  l.oufer  of  .Acme  Sliear  Co.. 
repnrr-i  th:it  liiv  <'<inip,-uiy  is  liaving  much 


Graphite    spheroid 
iron.  (lOOOx) 


in    ductile    cast 


success  with  small  castings,  even  though 
these  must  be  annealed  to  get  spheroidal 
graphite.  C  clamps  made  by  this  pro- 
cess could  be  twisted  ')()°  without  break- 
ing.   Holes   could    be    punched    with    no 


increasing.  Cooper- Hessemer  Corp..  le- 
ports  successful  manufacture  ot  com- 
pressor housings  which  must  withstand 
a  pressure  of  2,401)  iisi  and  of  *)  inch 
deisel  engine  pistons.  Lynchburg  Foun- 
dry Co.,  has  cast  ductile  iron  pipe  which 
shows  many  improvements  over  ordi- 
nary cast  iron  pipe.  I'nited  Engineering 
and  Foundry  Co.  reports  that  ductile 
iron  furnace  doors  have  lasted  17  weeks 
compared  to  a  4  week  life  of  gray  iron 
doors,  (^ther  foundries  report  similar 
success  with  miscellaneous  uses  of  duc- 
tile iron  in  places  where  extreme  heat 
and   wear  resistance  was  needed. 

Fred  Freder,  foundry  superintendent 
of  Valley  Iron  Works  Co.,  gives  the 
characteristics  of  ductile  cast  iron  as, 
"V^er\'  close  grain  structure,  develops 
iiigh  finish,  welds  easily  and  successful- 
l\,  high  tensile  strength,  excellent  wear- 
.•ibilit>,  is  free  from  casting  growth 
problems  and  its  physical  qualities  can 
be  varied  according  to  the  demands  of 
the  casting." 

The  properties  of  ductile  cast  iron 
\ary  greatly  with  the  type  of  granular 
structure.  While  most  work  has  been 
done  with  tile  ferrite  and  pearlitic  forms, 
the  martensitic  and  austenitic  varieties 
show  promise  of  many  uses.  A  structure 
of  ferrite  is  desired  to  get  maximum 
ductility.  To  get  maximum  strength,  a 
pearlite  structure  is  wanted.  A  marten- 
site  form  gives  the  greatest  hardness. 
Ductile  cast  iron  in  the  as  cast  state 
is  usually  a  mixture  of  pearlite  and 
ferrite.  Annealing  gives  a  pure  ferrite 
structure. 

Maximum  ductility  can  be  obtained 
by  heating  to  1600°F,  cooling  to 
1275°F,    and    holding    for    5    hours.    A 


PROPERTIES  OF  CAST  IRON 

Tensile     strength   \k-U\    strength       Elongation  Hardness 


Grav    iron i.-i.lHIl)  psi 

.Malleable   iron 44,^lM)psi 

Ductile    iron 09,000  psi 

DI    (anneale.l) 72,000  psi 


29,500  psi 
67,000  psi 
52,000  psi 


13.8'^ 

5.0' 

17.5' 


l76Hhn 
11  fi  Hhn 
246  Hhn 
170  Bhn 


danger  of  breaking.  Annealing  ductile 
cast  iron  takes  only  24  hours  while  it 
takes  90  hours  to  anneal  malleable  cast 
iron.  .No  burn-in  has  been  discovered; 
the  sand  peels  so  clean  that  it  is  pos- 
sible to  cast  sharp  edges. 

President  C.  L.  Carter  of  the  Albion 
.Malleable  Iron  Co.,  is  one  of  the  few 
persons  to  disagree  on  the  values  of 
ductile  cast  iron.  However,  his  onl\ 
trouble  is  that  he  has  found  the  cost 
of  amiealing  high  enough  to  make  the 
manufacture  of  small  pieces  \ineconomi- 
cal. 

The  Chanibersburg  Foundry  Co.,  has 
cast  some  hammer  anvils  and  dies  which 
have  been  successfully  used  in  indus- 
try.   Sales    for    this    type    of    castings    is 


specimen  containing  .4'  ,  manganese  and 
.1','  phophorus  will  ha\e  an  elongation 
of  18-23'r  while  a  speciman  contain- 
ing .8'/e  manganese  and  2 '7  phosphor- 
us will  show  an  elongation  of  15',  after 
this  heat  treatment.  Compression 
strength  varies  directly  with  hardness. 
A  test  bar  with  a  hardness  of  219  Bhn 
shows  a  compression  strength  of  57,000 
psi  while  a  bar  with  a  hardness  of  321 
Hhn  will  withstand  95,000  psi. 

The  machinability  of  ductile  iron  is 
very  good.  The  chip  produced  by  ductile 
iron  on  the  lathe  is  nuich  longer  than 
that  of  gr:i\  iron,  due  to  the  form  of 
the  graphite.  .Annealed  ductile  iron  pro- 
duces a  continuous  strip  like  that  of 
steel.  Ductile  iron  consumes  more  power 


for  a  iuicessful  engineering  career, 
thorough  background  in  welded 
steel  construction  is  vital  since: 

GOOD 

ENGINEERING  DESIGNS 

DEPEND  ON  COST 

Wilh  more  and  more  emphasis  being 
placed  on  cost  of  manufacture  to  meet 
competition,  industry's  management 
todav  looks  to  its  engineers  to  initiate 
money-saving  ideas  in  product  de- 
signs. As  a  result,  the  alert  engineer- 
ing student  who  can  come  up  with 
unique  money-saving  suggestions  in 
his  designs  will  find  greater  acceptance 
for  his  suggestions  and  a  promising 
future  in  personal  advancement  and 
income. 

Often  too  little  attention  is  devoted 
to  how  a  product  design  can  be  sim- 
plified to  eliminate  costly  manufac- 
turing manhours  once  a  basic  design 
is  established.  To  achieve  this  end, 
where  designers  reappraise  product 
details  for  welded  steel  construction, 
production  costs  are  being  cut  an 
average  of  50%  compared  with  man- 
ufacture using  castings. 

The  reasons  for  the  lower  cost  with 
welded  design  are  basic  .  .  .  lower  cost 
of  steel  per  pound,  fewer  pounds  of 
steel  needed  and  simpler  shop  pro- 
cedures. In  addition,  steel  designs  are 
stronger  .  .  .  resist  fracture  from  shock 
.  .  .  are  more  modern  in  appearance. 


FORMER  BOLTED  Dt- 

S\GNo/ base /or  elec- 
tric iuitch.  Busei 
range  from  6  to  10 
/eet  long.  Are  subject 
to  severe  cantilever 
stresses  from  opening 
and  closingof  suitch. 


PRESENT    WELDED 
STEEL  DESIGN    in- 
corporates tubular 
cross  menibers^ 
Weigbt    cut    JOs;. 
Deflectsoneloii' 
as  much  an,/ 
had.Coftsnomu 
In  biiiUI. 


DESIGN  DATA  for  weMed  slee/  conslfucl/on  h 
available  to  engineering  students  in  the  form  ot 
Bulletins  and  Handbooks.  Write  .  .  . 

THE  IINCOIN  ElECTRIC  COMPANY 

Cleveland  17,  Ohio 

THE    WORLDS     LARGEST    MANUFACTURER 
OF    ARC   WELDING    EQUIPMENT 
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liming  niacliinins;  than  gra\'  iron.  Duc- 
tile iron  prodiicfs  a  superior  machined 
^urface. 

Ductile  cast  iron  can  be  heat  treated 
to  iiroduce  superior  abrasion  resistance. 
It  is  possible  to  produce  an  object  with 
a  hard  surface  and  a  ductile,  strong  in- 
terior. The  only  material  comparable  to 


graphite,   but   ductile    iron   equals   it. 

Lubricated  ductile  iron  bearuigs  last 
4  times  as  long  as  bronze  bearings  but 
cost  only  1  3  as  much.  Ductile  iron 
has  good  stiffness,  torional  strength  and 
fatigue  resistance. 

One  of  the  greatest  improvements 
of  ductile  cast  iron  o\er  an\'  other  form 
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1600' 


4)  I  200°- 


800' 
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6%  6  6% 


Weiqht     per    cent     carbon 


The  alpha  form  is  called  ferrite,  the  gamma  form  austenite.  The  com- 
pound Fe.C  is  called  cementite.  A  eutectic  (called  lederburite)  exists  at 
4.3°o  carbon  and  a  eutectic  (pearlite)  at  0.8°o  carbon.  The  region  to  the 
left  of  1.98°o  carbon  is  steel,  except  the  pure  alpha  ferrite.  The  region  to 
the  right  of  1.98°o  carbon  is  the  cast  iron  region. 


cannot  be  cast  into  the  complex  designs 
of  compressors.  Designs  which  have  been 
on  file  for  years  because  of  production 
difficulties  are  being  cast  in  ductile 
iron.  Eight  inch  ductile  iron  pipe  with- 
stood a  pressure  of  5,300  psi  before  it 
ruptured,  but  gray  iron  pipe  shattered 
at  2,400  psi.  Ductile  cast  iron  is  being 
widely  used  in  agricultural,  mining,  and 
nulling  machinery. 


The  young  bride  was  asked  what  she 
thought  of  married  life. 

"Oh,  there's  not  much  difference," 
>he  replied,  "I  used  to  wait  up  half  the 
night  for  Cieorge  to  go,  and  now  1  wait 
uji  half  the  night  for  him  to  come 
home.  " 

We  are  told  there  is  a  fundamental 
difference  between  what  is  illegal  and 
what  IS  Hiiproper.  I  do  not  see  this  dif- 
ference, because  what  is  illegal  is  merely 
one  of  the  improper  things  that  happens 
to  have  been  the  subject  of  legislative 
action. 

ii-  s  * 

About  the  time  you're  important 
enough  to  take  two  hours  for  lunch, 
the  doctor  limits  you  to  a  glass  of  milk! 

The  lady  of  the  house  was  showing 
the  new  maid  about  the  premises.  As 
they  walked  into  the  dining  room,  she 
said,  "This  dining  room  table  goes  back 
to  Louis  the  Fourteenth." 

"That's     nothin'  "      interrupted      the 
maid,    "my   «'hole    living   room   set   goes 
back   to  Sears  the    1  ^th." 
-:S  «  » 

One  thing  we  like  about  babies  is 
that  the\  don't  go  around  telling  bright 
things  their  mothers  and  fathers  have 
said. 

— Great  Bend    Trihitiie 
*        *        * 

There  are  not  many  people  you  can 
outsmart,    but    you    can    outwork    quite 

a  few. 


tliiN  is  steel,  cladded  with  another,  more 
expensive,  metal.  The  possibilities  are 
<ih\ious  since  ductile  iron  is  much  cheap- 
(1.  Superior  plowshears  are  now  being 
made  by  this  method. 
'  Ductile  cast  iron  is  very  resistant  to 
extreme  heat.  On  such  parts  as  furnace 
doors  and  grates,  it  far  surpasses  gray 
[iron.  The  flake  graphite  in  gra>'  iron 
icauses  the  trouble  by  uneven  expansion 
;nul  contraction.  Rapid  corrosion  is  the 
result.  In  laboratory  tests  for  growth 
iiMstance,  ductile  cast  iron  was  second 
'iiily  to  Fe-Ni-Cr  alloys. 
I  Tests  by  INCO  show  that  ductile 
iCast  iron  wears  as  well  as  gray  iron, 
long  regarded  as  one  of  the  best  wear- 
ing materials,  (iray  iron  is  one  of  the 
jbest  wearing  material  in  the  unlubri- 
cated  state,  because  of  selflubrication  by 


of  cast  iron  is  in  weldability.  When  an> 
ordinary  cast  iron  is  heated  during  weld- 
ing, white  cast  iron  is  formed  upon 
cooling.  Ductile  cast  iron,  however  can 
ben  easily  welded.  The  spheroidal  form 
of  the  graphite  is  not  changed  in  an\- 
way.  A  weld  in  pipe  is  stronger  than 
the  pipe  itself. 

Ductile  cast  iron  is  reidacing  cast 
steel  for  many  uses  because  of  its  low 
cost.  Pistons,  crankshafts,  camshafts, 
and  gears  are  now  being  made  from 
ductile  cast  iron.  Ductile  iron  is  used 
here  because  of  its  wear  resistance,  hear 
resistance,  and  its  high  tensile  strength. 
Ductile  cast  iron  is  being  used  in  immps, 
compressors,  and  pipes.  (Iray  iron  could 
never  be  used  for  pressure  equipment 
because  of  the  small  leaks  which  develop 
thro\igh    the   graphite   flakes.    Cast   steel 


One   thing   you   can   never  give   away 
is  kindness.  It  always  comes  b.ick. 
*,       «       « 

You  don't  have  to  stay  awake  nights 
to   become   a   success.   Just   stay   awake 


A  man  should  never  be  ashamed  to 
admit  he  has  been  in  the  wrong,  which 
is  but  saying  in  other  words  that  he  is 
wiser  today  than  he  was  \esterday. 

There  is  .i  loftier  ambition  than  mere- 
l\  to  stand  high  in  the  world.  It  is  to 
stoop  down  and  lift  mankind  a  little 
higher. 

If  ciiws  knew  how  much  milk  was 
selling  tor,  thc\  wouldn't  just  be  con- 
tented— the\ 'd   be  hilarious. 
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important  wire  on  a  hot  subject . . . 


Even  at  temperatures  of  1500°  — 
speeds  of  12,000  rpm  —  this  tiny 
wire  grid  reports  to  our  en<»ineers 
on  the  strains  in  jet  turbine  blades. 
It  gives  them  accurate  measure- 
ments for  calculating  stresses 
caused    by    resonance    and    flutter. 

This  basic  information,  in  turn, 
permits  the  design  of  blades  that 
combine  the  optimum  aerodynam- 
ic characteristics  with  structural 
integrity. 

Strain  gages  are  not  new.  Hut 
our  engineers  liad  to  advance  the 
art    considerably    to    get    readings 


at  these  higli  speeds  and  tempera- 
tures. It  required  the  development 
of  improved  cements,  instrumenta- 
tion, slip  rings  .  .  .  new  application 
techniques  and  calibration  curves. 

Nothing  can  be  left  to  chance 
in  the  design  of  aircraft  engines 
for  supersonic  flight.  Thus  we  use 
—  and  frequently  improve  on  — 
every  advanced  technique  and  en- 
gineering tool.  This  straight -for- 
\tard  approach  to  engineering 
problems  is  one  of  the  reasons 
many  outstanding  engineering 
graduates  decide  on  a  career  at 
Pratt  &  Whitney  Aircraft. 


PRATT  &  WHITNEY  AIRCRAFT 

Division   of   United   Aircraft  Corporation 

East  Hartford  8,  Connecticut 
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Do  you  want  to  get  ahead  in  engineering? 


Then— after  you  graduate— join  a  com- 
pany that's  expanding  in  fields  where 
big  engineering  futures  lie. 

At  Boeing  you'll  find  plenty  of  room 
to  get  ahead  in  such  projects-with-a- 
futurc  as  a  major  guided  missile  program 
.  .  .  research  in  supersonic  flight  and 
nuclear-powered  aircraft  .  .  .  America's 
first-announced  jet  transport  .  .  .  and  the 
revolutionary  B-47  and  B-52  jet  bombers. 

You'll  find  Boeing  a  stable  37-year-old 
company,  that  has  grown  practically  con- 
tinuously. For  example,  Boeing  now 
employs  6000  engineers  in  contrast  to 
3500  at  the  peak  of  World  War  II. 
And  although  Boeing  is  a  large  concern, 
it  is  so  organized  that  each  engineer  is 


an  individual  who  stands  out  — and  pro- 
gresses—in proportion  to  his  ability. 

Boeing  is  constantly  alert  to  new  tech- 
niques and  materials  —  and  approaches 
them  without  limitations.  Extensive  sub- 
contracting and  major  procurement 
programs  —  directed  and  controlled  by 
engineers— give  you  a  \aried  experience 
and  broad  contacts  with  a  cross  section 
of  /Werican  industry.  No  industrv,  in 
fact,  matches  aviation  in  offering  such 
a  wide  range  of  experience,  or  breadth 
of  application  —  from  pure  research  to 
production  design,  all  going  on  at  once. 

Boeing  engineering  activity  is  concen- 
trated at  Seattle  in  the  Pacific  North- 
west, and  Wichita  in  the  Midwest.  These 


communities  offer  a  wide  variety  of  rec- 
reational opportunities.  Both  are  fresh, 
modem  cities  with  fine  residential  and 
shopping  districts,  and  schools  of  higher 
learning  where  you  can  study  for  ad- 
vanced degrees. 

There  are  openings  in  ALL  branches 
of  engineering  (mechanical,  civil,  elec- 
trical, aeronautical,  and  related  fields), 
for  DESIGN,  RESEARCH  and  PRODUCTION. 

Also  for  scr\o  nicch.mism  .ind  electron- 
ics designers  and  analysts,  as  \xcli  as 
physicists  and  mathematicians  with 
advanced  decrees. 


consult  yi 


or  further  information, 

lur  Placement  Office,  or  write: 


JOHN   C.  SANDERS,  Staff   Engineer -Personnel 
Boeing  Airplane  Company,  Seattle  f  4,  Washington 
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SPORTS 
CARS 


DON  KESLER  is  a  sopho- 
more in  Elcctncol  Engi- 
neering.   Besides    his   school 

work     one)     the     Techno-  _ 

groph,    he    works   on    meters  '*    ^^St       ^P' 

in  the  Instruments  Lob 
in    the    E.    E.    Building.    Don 


iidcnt 


cf    Urbono 


by  Don  Kesler,  E.E.  '56 


Accordiiif;  to  the  atht-rtiscrs,  Detroit 
is  produciiisi  some  tine  sports  cars.  This 
misuse  presents  a  question,  what  is  a 
sports  car?  A  sport  car  is  a  low,  small, 
light-weight  car  capahle  of  negotiating 
sharp  corners  at  high  speeds.  It  must 
have  head  lights,  tail  lights,  and  full 
road  equipment  for  operating  on  the 
highway.  It  also  must  have  a  horn,  spare 
tire,  and  fenders.If  the  fenders  are  the 
cycle  type,  they  must  extend  at  least  an 
arc  of  120  degrees  along  the  wheel  and 
be  at  least  as  wide  as  the  tire.  Most 
sports  car  enthusiasts  shun  at  cars  with 
cycle  fenders  as  being  strict  racers  with 
covered  wheels. 

Sports  cars  must  be  built  to  be  driven 
on  service  station  gasoline,  since  this  is 
what  is  allowed  in  sponsored  sports  car 
races.  The  only  gasoline  that  may  be 
used  is  furnished  by  the  officials,  so 
tliat    rules    out    all     akdlmj     and     nitin 


mitures.  It  also  keeps  sports  car  racing 
from  getting  out  of  reach  of  lots  of 
would  be  enthusiasts.  Any  carburetor  or 
manifold  modifications  are  legal  except 
in  strictly  stock  classes. 

Does  your  Detroit  buggy  classify  as 
a  sports  car?  It  has  headlights,  tail 
lights,  a  horn,  and  a  spare  tire.  It  has 
fenders;  it  will  run  on  regular  gas.  Oh, 
yes,  it  won't  turn  sharp  corners  at  high 
speeds. 

Turning  sharp  corners  at  high  speeds 
is  the  whole  idea  of  sports  cars.  The 
car  must  have  light,  quick  steering  that 
allows  for  fast  corrections.  The  suspen- 
sion must  be  smooth  and  firm  to  give 
good  lateral  stability  on  the  turns.  De- 
troit's soft  suspension  causes  body  roll 
in  high  speed  turns,  thus  the  car  won't 
stay  under  control.  Do  not  put  all  the 
blame  on  the  Detroit  engineers,  though, 


Notice  the  tubular  frame  of  the  Crosley. 
this  sports  car  last  summer. 


Norman  Goelzer,  M.E.  '56,  built 


bccau.se  it  is  not  their  fault  that  women 
control   America's  money. 

A  good  sports  car  must  ha\e  a  low 
center  of  gravity  and  good  brakes.  Hy 
a  low  center  of  gra\ity  I  mean  a  few 
inches  above  the  axle.  The  lowest  center 
of  gravity  of  any  American  car  is  a 
little  less  than  two  feet  above  the 
ground.  Good  brakes  will  last  all  day 
without  showing  signs  of  fading.  This 
\ear's  Le  Mans  twenty  four  hour  road 
race  was  won  by  a  Jaguar  because  it 
had  better  brakes  than  the  American 
built  Cunningham.  The  Jaguar  could  go 
farther  into  a  curve  before  it  had  to 
apply  its  brakes.  There  was  nothing 
wrong  with  Cunningham's  brakes,  only 
Jaguar's  were  better.  To  attain  a  low 
center  of  gra\  ity  and  finalh,  high 
speeds,  the  car  must  ha\e  a  low  body 
line.  Wind  resistance  ma\  not  be  much 
in  town  driving,  but  it  means  a  lot  at 
160  miles  per  hour. 

As  you  can  readih  see,  these  cars  arc 
safer  than  most  American  cars,  because 
they  have  better  brakes  and  will  not 
roll  o\er.  If  a  sports  car  is  going  too 
fast  to  turn  a  corner,  it  won't  roll  over; 
it  will  skid  on  all  four  wheels,  if  pro- 
perly driven.  Even  then  the  sports  car 
will  be  going  much  faster  than  the 
American  car. 

A  sports  car  is  balanced.  It  has  ^0 
percent  of  its  weight  on  the  front  and 
50  percent  on  the  rear  wheels.  This 
gives  it  better  traction  than  American 
cars  with  generally  60  percent  of  their 
weight  on  the  front  and  40  percent  on 
the  rear.  Poor  balance  is  what  cau.sed 
power  steering  to  be  created.  The  extra 
weight  on  the  front  wheels  caused  the 
car  to  steer  hard.  The  engineers  use 
either  high  steering  ratios  or  a  power 
linkage  to  combat  the  hard  steering. 
No  racing  cars  have  power  steering 
because  it  takes  away  the  feel  of  the 
road. 

It's    fun    to    dri\e    a    sports    car.    It's 
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The  C4R  Cunnningham  and  Johnny  Fitch  have  won  a  lot  of  races  to- 
gether. This  race  was  at  Tampa,  Florida.  (Photo  by  Dick  Adams,  Speed 
Age) 


bahuiceii  ;  it  has  quick  steering ;  it  has 
plenty  of  traction.  The  best  of  brakes 
and  firm  suspension  make  it  a  safe  car. 
Where  can  you  find  such  fine  quahties 
in  Detroit  cars?  Sports  cars  may  not 
have  as  much  horsepower  as  American 
cars,  but  they  don't  carrx  all  that  excess 
weight  around  either. 

Being   a   sports   car   does   not   limit    a 
car  to  any  body  style.  It  may  be  a  road- 
ster, hard  top,  convertible,  or  a  family 
.sedan.  Most  sports  cars  are  factory  built, 
but  a  lot  of  fine  ones  are  built  at  home. 
A   highly   successful    example    of    the 
home  built  sports  car  is  the  plastic  bod- 
ied   Crosley.     The    chassis    consists     of 
Crosley  suspension  attached  to  a  tubular 
frame.    A    modified    Crosley    engine    is 
mounted  on  the  chassis  to  fit  the  original 
drive  shaft.  The  12  inch  Crosley  wheels 
are  replaced  by  5:00  X   15  inch  wheels. 
Layers  of  fiber  glass  cloth  are  placed  in 
a    mold    and    saturated    with    polyester 
resin  to  form  the  bod\.  The  Fiber  Sport 
Crosley    is     a     nice     looking,    agile     car 
weighing  about  a  thousand  pounds.  It  is 
capable  of  over  a  hundred  miles  an  hour. 
The    total    displacement    of    this    engine 
'  is  a  little   larger  than   an   c\linder  of   a 
'  Chry.sler  or   Cadillac   V-S.    A    Hundred 
,  miles  an  hoiu^  with  that  engine  is  quite 
;  an   achievement. 

i       July,    1952,    was    a    black    month    f(ir 
i  60, ()()()    Crosley    owners.     Crosley    ha, I 
I  gone  out   of   business.   The   cause  of   its 
failure  was  the  reputat  on  of  the  copper- 
I  brazed    Cobra    e  n  g  i  n  e.     The    engin-.- 
waipcd,  rusted  out  of  shape,  and  leaked 
a  inixtiMT  of  oil  and  water.  Over  45,000 
Ills  were  originally  equipped  with   this 
in;:ine,  although  some  of  these  were  re- 
placed   with    the    cast    iron    block    Ciba 
engine  which  was  standard  after   1940. 
;  The   overhead    cam    Ciba   proved    to   be 
I  a   successful    racing   engine   in    Crosley  s 
i  atnnipt  at  sports  cars — the  Hotshot  and 
tlir    Super   Sport.    What   would    happen 
tn    the    poor    Crosley    owners?    Shorth' 
iitri-  Crosley's  failure,  the  Crosley  Car 
<  'h  ners  Club  was  organized.  They  set 
lip    a    parts   service    and    service   booklet 


;dl    repairs    from    the    bumpers 
engine.    Their    organization    of 


co\erin{. 

to    the 

600  members  has   already  saved   lots  of 

Crosleys   from   the  junk   yard. 

Jaguar  has  come  a  long  way  in  the 
mass  production  of  sports  cars  since 
l'H9.  The  famous  XK  120  Jaguar  was 
born  that  year.  A  strictly  stock  XK  120 
roadster,  using  ordinary  gasoline,  at- 
tained a  speed  of  1,52.6  miles  per  hovu'  in 
Belgium  for  the  record  speed  of  mass 
produced  automobiles.  Later,  a  hardtop 
coupe  ran  continuously  for  seven  days 
and  seven  nights  at  an  average  speed  of 
o\er   10(1  miles  per  hour. 

The  competition  Jaguar  won  its  first 
race  at  Le  Mans  in  June,  1952.  The 
"C  Jag"  has  a  210  horse  power  version 
of  the  dual  overhead  cam  XK  120  en- 
gine with  a  tubular  chassis  and  alumin- 
um body.  With  a  weight  of  2200 
pounds,  the  car  has  almost  a  horse  power 
for  e\er\'  10  iiounds.  In  19S2  the  Jaguar 
got  ton  panicked    h\    the   Meicedes  team 


farther  into  a  curve  before  they  had  to 
apply  the  brakes,  than  their  competition. 

Mark  VII  Jaguar  is  the  fastest  mass 
production  sedan  in  the  world.  The  four 
door  aristocratic  sedan  has  been  clocked 
;it  over  121  miles  an  hour.  The  sedan 
possesses  the  qualities  of  a  sports  car. 

Where  else  can  you  get  such  a  racing 
machine  as  the  XK  120  roadster,  hard- 
top coupe,  or  Mark  VII  sedan  for 
^4200?  The  competition  model  sells  for 
a  modest  $5,800  in  the  U.  S. 

America's  only  sports  car  in  the  pres- 
ent era,  grew  out  a  hope  of  Briggs  Cun- 
luiigham.  If  the  hope  of  any  America 
can  come  true,  it  wouldn't  miss  Mr. 
Cunningham  by  far,  since  he  inherited  a 
major  part  of  Proctor  and  Ciamble  and 
a  health)    portion  of  Standard  Oil. 

Cadillac  heartily  assured  him  that 
without  an\'  hopping  up,  the  19S|| 
Cadillac  would  easih  win  the  Le  Mans 
race  that  \ear.  Lacking  the  confidence 
of  GM,  he  bought  two  of  them,  souped 
them  up,  and  accomplished  a  magnifi- 
cent feat — tenth  and  eleventh  place 
among   the   best    European    sports   cars. 

In  the  following  year,  1951,  Cunning- 
ham converted  the  Chrysler  V-8  to  put 
out  MO  HP,  mounted  it  on  a  tvibular 
chassis  and  had  a  body  built  on  the 
chassis.  The  cars  were  complete  without 
any  testing  just  a  week  before  sailing 
time.  Two  of  his  cars  spun  out  and 
wrecked  in  the  heavy  rain  early  in  the 
race.  After  running  in  second  place  for 
twenty  hours,  the  third  Cunningham 
overheated  due  to  a  misunderstanking 
on  the  kind  of  gasoline  that  woidd  be 
used  in  the  race.  Despite  bad  bearings 
the  car  managed  to  cross  the  finish  line 
in    ISth   place. 

In  I9S2,  value  trouble  stopped  two 
of   his  cars,    but    Hiiggs   dro\e   the   third 


The   competition    Porsche   roadster   is  a   soft    riding,   fast  car.    Harry  Grey 
drove  it  at  Sabring,  Florida.  (Photo  by  Dick  Adams) 


and  the  car  overheated  early  in  the  race. 
Le  Mans  in  1953  went  to  Jaguar  with 
the  aid  of  a  juiced  up  engine  and  spot 
brakes.  The  new  C  Jag  has  about  160 
miles  an  hour  top  speed.  Some  of  the 
other  cars  had  a  higher  top  speed  than 
the  Jag,  but  the  Jag  could  go  200  yards 


to  take  fourth  place.  With  equally  poor 
luck  in  lOS,^,  the  three  American  start- 
ers finished  third,  seventh  and  tenth. 
His  present  car,  combined  witli  better 
brakes,  should  prove  a  greater  threat  in 
the   1954  contest. 

At  his  West  Palm   Beach   factory,   in 
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/biothcr  example  of  opportunities  for  engineers  at  LINK-BELT 


Big  assignment  "helping  produce 
better  coal  at  lower  cost  per  ton 


OVERALL  ENGINEERING.  Vast  experi- 
enie  of  nation-wide  design  and 
held  engineering  staff  integrates 
all  factors,  assures  expert  planning. 


QUALITY  EQUIPMENT.  Link-Belt  it- 
self builds  a  broad  line  of  coal 
preparation,  handling  and  power 
transmitting  equipment. 


COMPLETE  ERECTION.  Experienced 
erection  superintendents,  staffs  and 
skilled  crews  carry  througfi  entire 
job  down  to  last  detail. 


SATISFACTORY  PERFORMANCE.  When 
you  rely  on  Link-Belt  as  a  single 
source,  Link-Belt  accepts  respon- 
sibility for  overall  operation. 


LINK-BELT  accepts  unified  responsibility  for 
complete  coal  preparation  plants 


FROM  mine  shaft  to  r.ulmad  car,  coal 
moves  through  many  steps.  It  is 
cleaned,  thitd,  sized  and  blended.  It  must 
be  carried — sometimes  many  miles — 
to  rail  or  dockside  .  .  .  then  loaded. 

It's  a  complex  process — one  that 
varies  from  seam  to  scam  .  .  .  from  one 
location  to  another.  And  Link-Belt  is 
in  a  unique  position  to  integrate  the  job 
all  the  way — from  preliminary  plan- 
ning to  final  efficient  overall  operation. 
For  I.ink-Belt's  broad  line  of  quality 
equipment  and  nation-wiJc  engineer- 
ing organization  oiTer  unequalk-d  facili- 
ties to  coal  producers.  In  fiict,  to  every 


basic  industry.  Wherever  materials  are 
moved  or  power  transmitted,  you'll  find 
Link-Belt  products  at  work. 

This  broad  range  of  markets  offers 
engineering  college  graduates  a  wide 
choice  of  job  opportunities.  It  also  pro- 
vides the  stability  of  operation  so  im- 
portant to  a  man  embarking  on  a 
career. 

There's  a  fully  illustrated  booklet, 
"An  Introduction  to  Link-Belt,"  that 
tells  the  entire  story.  Write  for  your 
copy  today,  or,  if  you  can,  visit  one  of 
the  plants  listed  below. 


LINK^BEU 

LINK-BELT   COMPANY 

Executive  Offices: 
307  N.  Michigan  Ave.,  Chicago  1,  III. 

Atlanta 1116  Murphy  Ave.,  S.  W. 

Cedar  Rapids.  Iowa 1201  Sixth  St..  S.  W. 

Chicago  9 300  W.  Pershing  Road 

Chicago  8 2410  West   18lh  St. 

Colmar.  Pennsylvania UOO  Walnut 

Houston  1 3203  So.  Wayside 

Indianapolis  6 220  S.  Belmont  Ave. 

Indianapolis  6 519  N.  Holmes  Ave. 

I.os  Angeles  33 ^fil   S.  Anderson  Ave. 

Minneapolis  5 200  Lvndale  Ave.,  N. 

Philadelphia  40 2045  W.  Hunting  Park  Ave. 

San  Francisco  24 400  Paul  Ave. 

Seattle  4 3405   tixih  Ave  .  S. 


Florida,  Cunningham  builds  the  frames, 
and  mounts  the  modified  Chrysler  en- 
gines. He  ships  the  chassis  to  Italy  to 
have  a  Vignale  bod\'  fitted  on  it.  You 
can  buy  one  of  America's  only  sports 
cars  for  ,*1(), ()()()  if  you  have  it. 

The  most  popular  sports  car  in  Ameri- 
ca today,  is  the  British  imported  MG. 
Plenty  of  Americans  have  bought  MG's 
because  their  Detroit  car  was  beaten  by 
a  little  car  that  they  could  almost  put  in 
their  trunk.  Priced  at  $2,10U  there  are 
over  30,000  MG's  in  the  U.  S.  today. 
Until  recently,  the  MG  was  king  of  the 
1300  cc  displacement  class.  It  is  still 
the  best  buy  for  a  new  comer  to  sports 
cars.  A  lot  of  famous  drivers  got  their 
start  by  driving  XKi's.  John  Fitch  was 
dri\ing  .MCi's  until  1951,  when  Tom 
McCahill  suggested  that  he  co-drive  one 
of  Briggs  Cunningham's  cars  at  Le 
Mans.  Since  then,  he  has  won  more 
major  sports  car  races  than  any  other 
driver. 

The  MG  is  a  sports  car  in  the  best 
tradition.  It  corners  with  the  greatest 
of  ease  and  has  a  four  speed  gearbox. 
The  engine  is  small  and  not  powerful, 
but  with  this  transmission  it  goes.  The 
little  M(],  with  a  top  speed  of  80  to 
SS  miles  an  hour,  will  beat  any  American 
car  except  the  Cunningham  on  any 
crooked  road.  The  American  car  will 
beat  the  socks  off  the  MG  on  the  level 
road,  but  the  M(j  can  make  up  the 
time  on   the  corners. 

Porsche  was  the  first  class  F  car, 
1100  to  1500  cubic  centimeters,  to 
soundly  beat  the  MG's.  The  German 
i'dische,  is  a  radial  design,  with  a  four 
i\linder  opposed  engine  mounted  in  the 


Jim  Kimberly,  holding  the  helmet, 
is  the  proud  owner  of  this  2.6  Fer- 
rari. (Photo  by  Dick  Adams) 

!rear.  it  has  toui-  wheel  independent 
^suspension  with  about  nine  inches  of 
wheel  travel.  The  emplo\nient  of  the 
trailing  link  suspension  makes  possible 
[the  soft  ride  with  horizontal  stability. 
Torsion  bars  parallel  to  the  axle  produce 
Ithe  spring  action.  The  wheels  follow  the 
[torsion  bars  like  swivel  casters  without 
(the  swivel.  The  action  of  the  wheel  is 
Ivertical    with    a    little    action    forward 


John  Rutherford  drove  his  XK  120C  Jaguar  to  a  record  at  Daytona  Beach. 
(Photo  by  Dick  Adams) 


and  backward,  due  to  the  arc  about  the 
radius  of  the  offset  between  the  torsion 
bar  and  the  axle.  This  takes  out  most 
of  the  roll  tendencies  of  the  conventional 
"A"  arms  that  are  used  on  most  Ameri- 
can cars.  It  is  impossible  to  imagine 
such  a  soft  ride,  yet  such  excellent  cor- 
nering qualities.  There  is  no  steering 
movement  over  rough  roads  at  the  top 
speed  of  110  miles  per  hour.  This  aero- 
dynamically  styled  car  sells  for  $3400 
in  New  York.  The  roadster  and  coupe 
bodies  are  made  of  hand  hammered 
steel.  The  body  of  the  competition  model 
is  hand  made  of  aluminum  for  light 
weight. 

(^.S.C.A.  is  the  latest  1500  cc  cham- 
pion. Although  OSCA  is  written  and 
pronounced  as  a  word,  the  letters  are 
the  initials  of  the  Officine  Specializzate 
Costruzione  Automobile  of  Bologna, 
Italy.  The  OSCA  is  built  by  the  famous 
Maserati  brothers.  Recently  they  left 
the  Maserati  compan\,  but  their  high 
caliber  of  automobiles  is  equally  evident 
in  the  OSCA. 

The  engine  of  the  OSCA  is  a  four 
cvlinder  duel  overhead  cam.  It  comes 
in  three  sizes — 1100  cc,  1342  cc,  and 
I4S0  cc.  The  little  OSCA  has  the  11 00 
cc  engine  that  puts  out  80  horsepower. 
The  next  size  has  the  same  streamlined 
body  with  the  enlarged  1342  cc  engine 
and'  98  HP.  The  big  OSCA  has  the 
1480  cc  engine  in  a  larger  body.  The 
price  ranges  from  $7000  for  the  small 
OSCA  to  over  $9000.  The  demand  is 
so  great  that  \ou  have  to  be  content 
with  your  name  on  the  waiting  list. 
Although  there  are  less  than  a  dozen  in 
the  United  States,  they  have  established 
an  amazing  record  for  themselves.  The 
fastest  OSCA  has  a  top  speed  of  o\er 
125   nules  an   hour. 

The  hottest  thing  on  four  wheels,  the 
last  few  years,  is  the  'V^-12  Ferrari.  The 
Italian  Ferrari  is  the  most  consistent 
winner,  and  has  been  imchallenged  imtil 
the  C  Jags  came  along.  The  reliability 
of  this  racing  machine  is  excellent,  but 
the  extra  eqiu'pment,  upkeep,  and  repairs 
have   a    habit   of   being   proportional    to 


the  initi.il  cost.  There  are  fi\e  different 
\'-12  Ferrari  engines — 1.9  liter,  2.6 
liter,  2.9,  4.1  America,  and  4.1  Mexico. 
The  bore  of  the  2.6  engine  is  only  2.7 
inches,  and  the  stroke  is  2.23  inches. 
The  strokes  of  all  the  engines  are  the 
same,  thus  the  bore  and  other  modifica- 
tions are  the  only  changes.  The  1.9 
liter  engine  developes  160  horsepower 
and  the  car  sells  for  $9,500.  The  2.6 
has  170  HP;  the  2.9  puts  out  240  HP. 
The  difference  between  the  4.1  America 
and  the  4.1  Mexico  is  50  horsepower. 
The  4.1  Mexico  is  the  more  powerful 
with  270  HP  and  sells  for  $16,600. 

Fnzo  Ferrari  is  not  the  least  bit 
interested  in  mass  production  or  econo- 
my. He  wants  to  build  the  fastest  and 
best  car.  These  beautiful,  complex  ma- 
chines are  fast,  170  miles  an  hour,  and 
at  $9,500  and  up,  they  are  certainly 
economical. 

Not  all  European  cars  are  sports  cars. 
In  fact,  most  of  them  are  built  for  low 
initial  cost  and  gasoline  economy,  thus 
they  are  not  sports  cars.  They  are  no 
nearer  sports  cars  than  most  American 
cais. 

Detroit's  experimental  sports  cars  are 
not  real  sports  cars.  Using  the  Cadillac 
Kl  Dorado  for  an  example,  a  car  with  ,i 
126  inch  wheclbase,  58  inches  high,  and 
220  inches  long  cannot  be  called  a  sports 
car.  This  car  is  just  another  of  Detroit's 
monsters.  The  car  weighs  enough  to 
make  two  good  sports  cars.  Good  maneu- 
verability comes  from  a  short  wheelbase. 
Most  sports  cars  have  a  wheelbase  of 
less  than  100  inches.  A  sports  car  en- 
thusiast will  not  call  a  car  with  a  height 
of  58  inches  low.  A  sports  car  with 
automatic  transmission  and  power  steer- 
ing is  absurd.  Chevrolet  Corvette,  Pac- 
kard Caribbean,  Huick  Sk\lark — all  of 
them  aie  hasicall\  the  same  car  with  a 
different  look. 

The  public  wants  a  real  American 
sports  cai'.  Cunningham  is  producing 
spoits  cars,  but  John  Q.  wants  some- 
thing to  fit  his  wallet.  A  $3000  Ameri- 
can sports  car  would  break  selling  rec- 
ords.   What    is    vour    answer,    Detroit? 
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IndustrJcl  Engineering 


Step  into 

the  Expanding  Field 

of  Instrumentation 


More  and  more  industries  are  depending  upon  instru- 
ments to  control  production  lines  ...  to  solve  research 
problems  ...  to  test  products.  Iron  and  steel,  aircraft  and 
autos,  chemicals  and  chinaware,  petroleuta  and  electrical 
power  are  only  a  few  of  the  many  basic  markets  for  con- 
trolling and  measuring  equipment.  As  a  result,  expendi- 
tures for  instrumentation  have  been  increasing  yearly 
until  today  they  amount  to  several  hundred  millions  of 
dollars — a  figure  which  will  continue  to  increase. 

This  expansion  continues  to  offer  opportunities  with 
L&N  in  sales  engineering,  product  engineering,  production, 
market  development,  inspection  and  elsewhere.  All  uti- 
lize technical  training  and  offer  a  challenge  to  engineers. 

Leeds  &  Northrup  makes  automatic,  high-precision,  bal- 
ancing-type electric£il  instrvunents  for  controUing,  record- 
ing and  indicating  temperature,  chemical  concentration, 
electrolytic  conductivity,  frequency  and  load,  combustion 
and  many  other  conditions.  For  the  heat  treaters  we  make 
furnaces  and  process  equipment.  For  the  worker  in  science 
— whether  student  or  researcher — we  make  both  automatic 
and  manual  laboratory-type  instruments,  with  which  you 
may  already  be  famiUar. 

The  Company  has  over  3,C00  employees,  with  branches 
in  17  U.  S.  cities  and  agents  in  forty-two  other  countries. 
Profit-sharing  and  promotion  by  merit  are  foundations  of 
L&N  pohcy. 

Take  your  first  step  toward  the  field  of  instrumentation 
by  arranging  with  your  placement  officer  to  see  our  com- 
pany representative. 


Meanwhile,  you  can  get 
the  highlights  about  L&N  by 
writing  for  our  booklet,  "Ca- 
reer Opportunities".  Address 
the  Industrial  Relations  De- 
partment, 4915  Stenton  Ave., 
Philadelphia  44,  Pa. 


LEEDS 


iilli 


m 


m 


NORTHRUP 


Atlanta 
Boston 
Buffalo 
Chicago 
Cincinnati 


Jrl:Ad.  ENT'530{4) 


Cleveland 

Detroit 

Hartford 

Houston 

Lo3  Angeles 


automatic  controls 

New  York 

Philadelphia 

Pittsburgh 

San  Francisco 

Seattle 


St.  Louia 

Tulsa 

Integra,  Leeds 

&  Northrup, 

Birmingham,  Eng. 
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•  When  you  join  ranks  with  Square  D, 
you  can  be  sure  you'll  get  complete,  indi- 
vidualized training  from  seasoned  men 
who  know  electrical  distribution  and  con- 
trol like  a  book.  Equally  important,  they 
know  how  to  pass  along  that  knowledge  in 
a  practical,  down-to-earth  way  you'll  like. 
•  Year  after  year,  Square  D  looks  to  the 
nine  schools  shown  above  for  electrical, 

MAIL  THE  COUPON  ^ 

We'd  like  to  send  you 

a  16-page  "get-acquainted"  brochure. 

It  tells  a  lot  about  Square  D, 

its  products,  services, 

markets  and  opportunities. 


mechanical,  industrial  and  general  engi- 
neering talent.  We're  proud  of  the  calibre 
of  men  we  employ,  train  and  advance. 
They're  the  kind  of  men  you'd  like  to  work 
with.  Why  not  let  us  tell  you  more  about  it? 


v^  VLJi^SJWJfl^    fi»S$ijMi^^:^    ^» 


Square  D  Company,  Depi.  SA 
6060  Rivard  Street,  Detroit  11,  Michigan 

I'd  like  a  copy  of 

Square  D's  "Get-Acquainted"  brochure 

Name 


Addp 
City- 
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''Remembering'' 

160,000 
TIMES   A 
SECOND 


Teehniouett  employed  in 
the  7na<rnetic  drum  meynvry  unit 
of  the  Hughes  airborne  digital  computer 
are  reviewed  by  project  members 
Arthur  Zukin  (left)  of  the  Radar 
Laboratory,  and  Dan  L.  Curtis  of  the 
Advanced  Electronics  Laboratory. 


ADDRESS: 

Scientific 

and 

Engineering 

Staff 


ENGIN  EERS 


PHYSICISTS 


One  of  the  problems  in 
designing  an  electronic 
digital  computer  for  airborne 
uutumatic  controls  is  that 
of  storing  information 
used  by  the  system. 


At  Hughes,  where  the  airborne  elec- 
tronic digital  computer  was  pioneered, 
the  problem  presented  by  the  memory 
unit  was  attacked  basically  by  the 
Hughes  technique  of  systems  planning 
and  analysis.  This  involved  an  exhaus- 
tive examination  of  the  requirements,  an 
evaluation  of  the  best  means  for  satisfy- 
ing them,  and  the  design  of  the  simplest 
possible  mechanization  consistent  with 
superior  performance. 

A  magnetic  drum  memory  unit  was 
chosen  as  the  most  compact  and  rugged 
storage  device  for  the  airborne  digital 
computer.  The  unit  developed  by  Hughes 
provides  storage  space  for  more  than 
2500  19-digit  words.  Density  of  the  mag- 
netic recording  is  approximately  100 
binary  digits  per  inch.  Rotating  at  8000 
rev/min,  the  4-inch  diameter  drum  per- 
mits computation  at  a  rate  of  160,000 
binary  digits  per  second. 

From  an  analysis  of  the  logical  inte- 
gration of  the  memory  unit  into  the  com- 
puter system,  the  unique  "floating  refer- 
ence" principle  was  developed.  Instead 
of  standard  coincidence-type  methods 
for  selecting  numbers  from  the  magnetic 
drum  storage,  a  floating  reference  system 
is  used  in  which  the  memory  position  is 
determined  by  counting  word  times  from 
the  end  of  the  preceding  operation.  This 
technique  produces  for  this  application 
a  performance  equivalent  to  a  random 
access  memory  and  results  in  a  substan- 
tial saving  in  equipment. 

A  major  etlort  at  Hughes  is  also  de- 
voted to  adapting  electronic  digital  com- 
puter techniques  to  business  data  proc- 
essing and  related  applications  —  uses 
unquestionably  destined  for  far-reaching 
peacetime  application. 


Activities  at  Hughes  in  the  computer  field 
are  creating  some  new  positions  in  the 
Laboratories.  Experience  in  the  design  and 
application  of  electronic  digital  computers 
is  desirable  but  not  essential.  Engineers 
and  physicists  with  backgrounds  of  com- 
ponent development  or  system  engineering 
are  invited  to  apply. 
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by    Charles   Runyan,    E.E.   '57   and 
Donna  Rudig,  E.E.  Physics  '57 


MIKE  ZIHAL 

Till-  l/iinr/i>  Tt'chnograph  proudly 
continues  to  introduce  personalities  of 
the  engineering  campus.  This  month  we 
are  featuring  engineer  extraordinary, 
Mike  Zihal,  president  of  the  Engineer- 
ing Council.  Mike,  a  graduate  of  Brook- 
lyn  Technical    High    School,    Brooklyn, 


New  York,  was  elected  to  office  last 
spring.  While  in  high  school  he  majored 
in  architectine  and  was  a  member  of 
the  swimming  and  football  teams.  Im- 
niediately  upon  graduation  Mike  spent 
IS  nuinfhs  with  the  37th  Infantry  Di- 
\isinn  in  the  South  Pacific.  Mike  is 
alsd    a    \eter;ui    on    the    coimcil,    having 


been  a  member  for  the  past  year.  He 
is  also  president  of  the  Sanitary  En- 
gineers. 

Last  year  Mike  was  a  member  of  the 
St.  Pat's  Ball  Committee  and  also  won 
a  scholarship  in  sanitary  engineering, 
which  he  is  majoring  m.  Besides  being 
president  of  the  Engineering  Council, 
Mike  still  finds  time  to  belong  to  the 
American   Society  of   Civil   Engineers. 

Mike  spends  most  of  his  spare  time 
at  woodworking,  which  is  his  hobby,  and 
at  supporting  his  favorite  baseball  team, 
the  "Dodgers."  During  his  26  years, 
Mike  has  led  a  busy  life,  but  somehow 
managed  to  find  time  enough  to  spend 
with  his  best  girl,  Dorothy,  who  is  now 
his  wife  of  two  years. 

Most  of  his  summer  vacations  were 
spent  working  for  the  War  Department 
in  Champaign,  but  for  Mike  the  part- 
time  work  is  just  about  over,  for  upon 
graduation  in  Februar\-,  he  will  start 
work  as  an  engineering  superintendent 
in    P'reeport,   Illinois. 

As  this  soft-spoken,  sincere,  and  out- 
standing engineer  leaves  the  campus  to 
take  his  place  in  society,  the  members 
of  the  Teihnograph  give  this  final  salute 
and    a   wish    for   continued    success. 

PAUL   LA  VIOLETTE 

( )ne  of  the  best  known  members  of 
the  Technograph  Staff  is  Paul  LaVio- 
iette,  our  business  manager.  Now  a 
sophomore  in  Electrical  Engineering,  he 
is  following  the  interest  of  electricity  he 
acquired  while  serving  in  the  Navy  as 
firecontrolman.  Three  of  his  Navy  years 
were  spent  overseas,  one  in  Europe  and 
two  in  Cuba  where  he  picked  up  his 
favorite  sport,  spearfishing,  in  fact,  a 
Stinger  Rev  he  speared  still  holds  the 
record    for  its  type  in   the   area. 


Paul  graduated  from  Charleston 
High,  Charleston,  South  Carolina,  in 
1948  where  he  was  a  member  of  the 
track  .•uul  swimming  teams.  Since  en- 
teiing  the  University  in  September  1952, 
Paul  has  been  carrying  extra  courses  so 
that  he  can  graduate  in  August  '55.  He 
then  hopes  to  join  the  Howard  Hughes 
Research  Company  in  Culver  Citv,  Cali- 
fornia. 

In  July,  1953,  when  getting  his  dis- 
charge in  Virginia,  Paul  married  a  rebel 
beauty.  The  LaViolettes  are  expecting 
a  bo>    ( the\    hope)   in  February 


PAUL  LA  VIOLETTE 
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NO.  4  IN  A  SERIES 


The  Importance  of 


Coverings  and  Sheaths 


THE  TERM  "coverings",  as  applied  to  insu- 
lated electrical  wires  and  cables,  refers  to  a 
relatively  continuous  homogenous  layer  or 
layers  of  impervious  and  inert  material,  applied 
over  an  insulated  conductor  or  conductor 
assembly  for  the  purpose  of  protecting  such 
conductors  from  moisture,  chemical  attack  and 
mechanical  damage.  Coverings  may  be  colored 
to  indicate  circuit  identification.  Chemical  attack 
refers  to  damage  to  the  insulation  resulting  from 
acid,  alkalies  and  other  chemicals  in  the  atmos- 
phere or  the  ducts  or  soil  in  which  the  cables 
may  be  installed.  Mechanical  damage  may  result 
from  the  abraiding,  compressing,  cutting  and 
tearing  forces  to  which  the  insulation  may  be 
subjected  during  installation  and  service. 

Coverings  may  be  made  of  metallic  or  non- 
metallic  materials.  Metallic  coverings  may  be, 
( 1  )  a  continuous  metal  tube  over  the  insulated 
conductor,  usually  made  of  lead  and  known  as 
a  lead  sheath,  ( 2 )  metal  tapes  applied  spirally 
about  the  insulated  conductor  and  referred  to  as 
an  armor  or  a  shield,  depending  on  the  purpose 
for  which  it  is  used,  or,  ( 3 )  metal  wires  applied 
spirally  either  in  one  direction  or  in  the  form  of 
a  braid,  and  again  known  as  an  armor  or  a  shield. 
Armor  is  a  covering  applied  primarily  for 
mechanical  protection  or  to  add  strength  while 
a  shield  is  applied  to  protect  the  insulation  from 
electrical  stresses  or  for  safety  purposes.  Non- 
metallic  coverings  may  consist  of,  ( 1 )  a  con- 
tinuous layer  of  vulcanized  rubber  or  rubber-like 
material,  generally  neoprene,  or  a  thermoplastic 
material,  called  a  jacket,  (2)  spirally  applied, 
moisture-resistant  fibrous  yarn,  usually  cotton  or 
jute,  (3)  moisture-resistant  fibrous  tapes,  or, 
(4  )  moisture-resistant  fibrous  braids.  Combina- 
xions  of  one  or  more  of  these  may  be  used  as 
explained  later. 

The  kind  and  number  of  coverings  used  is 
determined  largely  by  the  size  of  the  conductor 
or  cable,  the  type  of  insulation  on  the  conductor 
and  the  installation  conditions.  The  following 
is  a  brief  outline  of  the  types  of  coverings 
required  for  the  more  important  types  of  insula- 
tions and  installation  conditions. 


INSTALLATION  in  DRY  CONDUITS  and  DUCTS  (U" 

Single-conductor  rubber  and  varnished-cambric  il** 
insulated  cables  require  a  covering  over  the  insu-  | 
lation  consisting  of  a  moisture-resistant  cotton 
braid  on  the  small  sizes  and  a  double  braid  ot 
tape  and  braid  on  the  large  sizes  for  protection 
against  mechanical  damage.  On  600  volt  cables 
for  installation  in  buildings  this  covering  must 
be  flame-resistant,  and  is  usually  colored  for  cir- 
cuit identification.  A  thin  layer  of  neoprene  may 
replace  such  fibrous  coverings  on  rubber-insu- 
lated cables.  Paper-insulated  cables  require  a 
lead  sheath  for  retention  of  the  impregnant  and 
for  mechanical  protection.  Single  -  conductor 
polyvinyl  chloride  insulated  cables  usually 
require  no  coverings  since  they  are  generally 
considered  resistant  to  flame  and  chemical  and 
mechanical  damage. 

Multiple-conductor  cables  which  consist  of 
two  or  more  single  conductors  assembled  as  a 
unit  are  protected  by  an  outer  covering.  The 
individual  conductors  of  multiple  -  conductor 
rubber  insulated  cables  are  generally  protected  by 
a  single  fibrous  covering.  The  outer  covering  of 
multiple-conductor  cables  usually  consists  of  a 
tape  and  moisture-resistant  cotton  braid  on  rub- 
ber and  varnished-cambric  insulated  cables.  A 
neoprene  jacket  may  replace  the  outer  braid  on 
rubber-insulated  cables.  A  polyvinyl  chloride 
jacket  is  generally  used  on  polyvinyl  chloride 
insulated  multiple-conductor  cables.  Multiple- 
conductor  paper-insulated  cables  have  a  lead 
sheath  over  the  assembled  insulated  conductors. 
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INSTALLATION  in  WET  CONDUITS  and  DUCTS 

The  coverings  described  for  use  in  dry  locations 
on  both  single-  and  multiple-conductor  cables) 
are  suitable  for  use  in  wet  locations  except  that 
a  lead  sheath  is  required  over  varnished  cambric, 
and  non-moisture-resistant  rubber  and  polyvinyl 
chloride  insulations.  j 

Moisture-resistant  rubber  insulation  requires 
mechanical  protection  in  the  form  of  a  fibrous 
covering  or  coverings  or  a  neoprene  jacket.  A, 
neoprene  jacket  is  preferred  because  of  its  great-, 
er  resistance  to  deterioration  in  wet  locations. 
Moisture- resistant  polyvinyl  chloride  may  be 
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jused  without  a  covering  on  single-conductor 
:ables. 

AERIAL  INSTALLATIONS 

rhe  types  of  coverings  described  for  use  in  wet 
ocations  are  generally  suitable  for  aerial  instal- 
ations  but  greater  thicknesses  of  non-metallic 
:overings,  particularly  for  single  -  conductor 
ables,  are  required.  Fibrous  coverings  for  aerial 
ise  are  usually  made  of  moisture-resistant  jute, 
isal  or  loom-woven  cotton  of  large  size.  Neo- 
cene jackets  on  single-conductor  cables  for 
lerial  installations  are  about  50  per  cent  greater 
n  thickness  than  those  used  for  duct  installa- 
lions.  These  thicker  covers  provide  the  addi- 
lional  mechanical  protection  required  for  aerial 
nstallations.  Ncoprene  jackets  are  generally  pre- 

-  ierred  over  fibrous  or  rubber  jackets  because  of 
heir  greater  resistance  to  weathering.  Lead- 
Iheathed  cables  with  the  same  sheath  thickness 

-  Is  used  for  duct  installations  are  suitable  for 
I  lerial  installations.  A  lead  alloy  containing  small 
'"  'mounts  of  antimony  or  tin  is  used  instead  of 
i'  ure  lead  to  reduce  failures  due  to  crystallization. 

I  DIRECT  BURIAL 

ji    or  direct-burial  installations,  rubber,  rubber- 
.     ke  or  thermoplastic  jackets  and  lead  sheaths 
I,    re  generally  used.  The  jacket  or  sheath  thick- 
esses  are  the  same  as  those  used  for  aerial  instal- 
itions.  Lead  sheaths  require  protection  against 
lechanical  damage.  This  usually  consists  of  two 
I'   jrvings  of  moisture-resistant  jute  yarn  imme- 
„    lately  over  the  lead  followed  by  two  steel  tapes 
ver  which  are  applied  two  servings  of  moisture- 
Ill    distant  jute. 

m       SUBMARINE  and  VERTICAL  CABLES 

™    ubmarine    cables    require    protection    against 

111    lechanical  damage  and  additional  strength  over 

d    lat  provided  by  the  conductors  to  prevent  them 

"-  ^'om  being  broken  by  dragging  anchors  or  other 

bjects.  Vertical  cables  frequently  require  greater 

rength  for  their  support  than  that  provided 

V  the  conductors.  This  additional  strength  and 

lechanical  protection  is  usually  provided  by  a 

rving  of  steel  wires  which  completely  covers 

ic  surface  of  the  cable.  This  is  known  as  a  wire 


armor.  A  bedding  consisting  of  two  moisture- 
resistant  jute  servings  is  provided  between  the 
non-metallic  jacket  or  lead  sheath  and  the 
armor  wires. 

PORTABLE  INSTALLATIONS 

Cables  for  portable  installations  such  as  those 
used  on  dredges,  shovels  and  mining  equipment 
must  be  flexible  and  their  sheaths  must  be  resist- 
ant to  abrasion,  cutting  and  tearing.  Tough  wear- 
and  -  weather  -  resistant  rubber  or  rubber  -  like 
jackets  are  therefore  used.  Such  jackets  are  gen- 
erally made  in  two  layers  with  a  reinforcing 
braid  of  high  -  strength  cotton  yarn  between 
them.  The  jacket  thicknesses  for  such  cables  are 
generally  greater  for  a  given  size  of  cable  thaa 
those  of  cables  for  non-portable  installations. 

SHIELDING 

Shields  consist  of  one  or  more  conducting  layers 
on  insulated  electric  power  cables,  the  purpose 
of  which  is  to  confine  the  dielectric  field  to  the 
insulation  on  the  individual  conductors.  The 
two  most  important  functions  of  shields  are,  ( 1 ) 
to  protect  the  insulation  against  harmful  electri- 
cal stresses  and  discharges  at  its  surfaces,  and, 
( 2 )  to  reduce  hazards  of  shock. 

Since  harmful  electrical  stresses  can  occur  at 
both  the  internal  and  external  surfaces  of  an 
insulation,  particularly  on  stranded  conductors, 
at  high  voltages,  it  is  necessary  to  provide 
shields  at  both  surfaces.  Internal  shielding  in 
the  form  of  a  semi-conducting  fibrous  material 
is  generally  used  immediately  over  the  conduc- 
tor for  operating  voltages  above  2000.  External 
shielding  usually  consists  of  a  semi-conducting 
fibrous  layer  immediately  over  the  insulation 
over  which  is  applied  a  layer  of  metallic  mate- 
rial. External  shields  are  generally  used  at  volt- 
ages above  3000  for  non-metallic  jacket  cables 
and  above  10,000  for  lead-sheathed  cables. 

Metallic  shields  are  made  of  non-magnetic 
materials  such  as  aluminum  or  copper  and  are 
applied  as  tapes  on  cables  for  non- portable 
installations  and  as  braids  for  portable  cables. 
External  shields  must  be  grounded  at  all  joints 
and  terminals. 
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(From  National   Bureau  of  Standards,    U.  S.    Department  of  Commerce) 


An  .lutDniatii.'  piiiduction  line  tor  the 
niaiiutactuif  ot  clfctronic  products  ami 
a  novel  system  of  electronics  design 
which  makes  this  possible  have  been  de- 
veloped by  the  National  Bureati  of 
Standards.  The  program,  code-named 
PROJECT  TIXKERTOY,  was  spon- 
sored h\  the  Navy  Hureau  of  Aeronau- 
tics. 

Starting  from  raw  or  semi-processed 
materials,  machines  automatically  manu- 
facture   ceramic   materials   and    adhesive 


mounted  wafers  at  nunu-rous  stations 
.ilong  the  production  line.  The  com- 
pleted module  is  a  standardized,  inter- 
changeable subassembly  combining  all  of 
the  requirements  of  an  electronic  circuit 
with  ruggedness,  reliability,  and  extreme 
compactness. 

Description    iif  Project 

PR()ji:CT  TlNkr.RT()\  u.is  be- 
gun by  NBS  m  .\Ia\  ISSO  .md  now 
successfully    produces    electionu     subas- 


MPE  wafer  pattern   printer.  As  wafers  are   issued  from  feeder,   they  are 
printed  simultaneously  with  the  appropriate  silver  conducting  circuit. 


carbon  resistors,  print  coiulucting  cir- 
cuits and  mount  resistors,  capacitors,  .ind 
other  miniaturized  component  parts  on 
standard,  uniform  steatite  wafers.  1  he 
wafers  are  stacked  very  much  like  build- 
ing blocks  to  form  a  module  that  per- 
forms all  of  the  functions  of  one  or 
more  electronic  stages.  Automatic  in- 
spection machines  check  physical  and 
electrical     characteristics    of    the    parts- 


semblies  by  mechanized  means.  The  pilot 
plant  is  operated  by  a  commercial  con- 
tractor as  iiart  of  a  large-scale  produc- 
tion evaluation  program  under  the 
Bureau's  technical  direction.  The  basic 
objective  of  the  Navy  Bureau  of  Aero- 
nautics in  establishing  the  program  was 
the  development  of  facilities  or  systems 
suitable  for  rapid  mobilization  in  emer- 
genc\'    periods.    The    facilities    are    also 


dual-purposed  in  nature,  and  are  expect- 
etl  to  substantially  reduce  lead  time  in 
production. 

The  key  to  the  automatic,  mechanized 
production  of  electronic  equipment  in 
PROJECT  TINKERTOY  is  the  de- 
sign system  developed  by  the  National 
Bureau  of  Standards.  Called  MDS— 
for  Modular  Design  of  Electronics — 
the  system  establishes  a  series  of  mechan- 
ically standardized  and  uniform  modules 
(or  building  blocks),  producible  with 
a  wide  range  of  electrical  characteristics. 

Each  module,  in  general,  consists  of 
some  4  to  2  thin  ceramic  wafers,  bear- 
ing various  circuits  associated  with  an 
electronic  stage.  A  number  of  individ- 
ual modules  are  combined  to  form  a 
major  subassembly.  The  composition  of 
modules  into  m.ajor  subassemblies  of 
electronic  equipment  is  possible  because 
there  is  great  similarity  between  circuits 
and  parts  of  circuits  in  modern  electronic 
tubes  and  arrays  of  simple  parts  ( like 
resistors  and  capacitors),  which  account 
for  the  mass  of  the  individual  parts  and 
are  also  responsible  for  the  bulk  of  the 
manual  production  efforts  in  convention- 
al prodviction.  There  assemblies  have 
been  the  chief  target  for  redesign  in 
the  MDE  system. 

The  production  of  mod  ides  and  as- 
semblies, designed  in  accordance  with  the 
MDE  s\stem,  is  achiexed  mechanically 
in  PR()JECT  TINKERTOY.  The 
production  system  developed  b\'  the 
National  Bureau  of  Standards  is  called 
MPE — .Mechanized  Production  of  Elec- 
tronics. -MPE  largely  utilizes  non- 
critical  raw  materials.  Ceramic  wafers 
— 7/8  inch  square  by  1  16  inch  thick — 
are  produced  directly  in  quantity  from 
the  raw  ingredients.  Ceramic  capacitors 
are  produced  in  a  similar  fashion.  Anoth- 
er part  of  the  line  produces  adhesive 
tape  resistors. 

These  antl  other  basic  parts  are  fed 
into  the  production  line.  The  appropri- 
ate circuits  are  printed  by  automatic 
machines.  The  circuit  configuration  is 
achieved  through  photographic  proces- 
sing.   QvialitN'    control    is    established    by 
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automatic  inspection,  directed  b\'  infor- 
mation prepared  in  punched  card  form. 
Special  components,  not  suitable  for 
"printing"  techniques,  can  be  incorpor- 
ated into  the  modules.  Automatic  physi- 
cal and  electrical  inspection  is  provided 
for   in    the   production   line. 

The  MPE  system  is  based  on  the  use 
of  bulk  or  semiprocessed  materials,  and 
the  line  produces  all  the  large-quantit\ 
parts  except  for  the  tubes.  The  pilot 
plant  is  designed  for  a  production  goal 
of  1,000  modules  per  hour.  Joining 
modules  together  to  form  subassemblies 
ma\   also  be  accomplished  bv  machines. 

PR()ji;CT  TINKERTOY  was 
sponsored  b\-  the  Industrial  Planning 
I)i\ision  of  the  Navy  Bureau  of  Aero- 
nautics as  an  industrial  preparedness 
measure.  One  of  the  serious  bottlenecks 
in  emergency  periods  has  turned  out  to 
be  the  production  of  electronic  eqiup- 
ment,  upon  which  the  military  ser\ices 
are  increasingh'  dependent  for  success 
in  modern  defense.  PROJECT  TIN- 
KERTOY indicates  that  lead  time  in 
[iroduction  can  be  reduced  75  percent. 

Modular  Design  of  Electronics 

MDE  is  the  basis  for  the  PROJECT 
TINKERTOY  system.  In  such  a  sys- 
tem, flexibility  of  the  product  and  the 
general  characteristics  of  conventional 
assenibh'  methods  are  compatibly  com- 
bined. At  the  same  time,  product  stand- 
:ii  ili/.ation  and  uniformity — the  prere- 
quisites for  economical  processing  by 
automatic  machinery — are  integral  as- 
IKits  of  the  system.  Interconnection  is 
relatively  simple  between  any  number 
lit  modular  units.  Hy  combining  modu- 
lar assemblies  containing  different  com- 
lionent  parts  (resistors,  capacitors,  coils, 
etc. )  whole  electronic  circuits  may  be 
il(\ eloped  to  amplify  signals,  generate 
and  shape  wa\e  forms,  scale  count,  and 
pel  form   customar\'  electronic   functions. 


electronic  piece  that  is  to  be  placed  on 
the  wafer.  The  engineer  translates  his 
coinentional  wiring  diagram  to  an 
MDE  diagram.  He  indicates  the  posi- 
tion of  the  piece  and  its  proper  value 
and  tolerances.  Lines  are  drawn  to  indi- 
cate how  the  circuits  between  wafers  are 
to  be  connected. 

The  engineer's  MDE  work  sheet  be- 
comes the  basic  document  from  which  a 
draftsman  draws  an  ink  drawing  that 
ma\  be  reproduced  in  large  numbers. 
The  <l raftsman  also  prepares  a  larger 
version  of  the  work  sheet  that  is  photo- 
graphed and  is  svibsequently  used  to 
make  stencils  for  the  circuit  printing  ma- 
chines. The  numbers  of  wafers  and  the 
tube  sockets  listed  on  the  MDE  work 
sheets  give  an  indication  of  the  quantity 
of  raw  ceramic  materials  that  must  be 
mixed.  The  munber  and  value  of  resis- 
tors marked  on  the  work  sheets  de- 
termine the  production  required  for  tape 
resistors. 

The  MDE  work  sheet  is  also  used  to 
establish  the  inspection  procedure.  Cur- 
rent paths  on  each  wafer  are  marked  on 
specially  prepared  punch  cards.  These 
cards  accompany  the  wafers  through  all 
of  the  manufacturing  processes.  The 
sheet  is  also  used  in  the  construction  of 
the  standard  modules  or  counterparts 
that  are  employed  in  the  final  testing 
and   inspection  of  the  motkde  assembly. 

Mechanised  Production    of 
Electronics 

MPE  consists  of  the  mechanized  pro- 
duction of  ceramic  wafers,  titanate  ca- 
pacitors and  tape  resistors  and  their  au- 
tomatic mechanical  assembly  and  inspec- 
tion. In  some  military  eqiu'pment  a  sin- 
gle chassis  may  have  as  many  as  100  re- 
sistors and  100  capacitors.  The  facilities 
of  the  NBS  PROJECT  TINKER- 
TOY  plant  provide  for  the  manufac- 
ture of   nearh'   all   of   these   pieces   from 


Inspection  of  pattern-printed  wafers. 

The  standard  wafer  is  pressed  with 
twelve  peripheral  notches  (three  on  a 
side)  and  a  ke\ing  notch  on  one  side.  In 
the  final  module  assembly,  riser  wires 
are  mechanically  soldered  into  the  twelve 
notches  and  ser\e  as  physical  supports 
for  the  module  and  electrical  connectors 
between  wafer-mounted  circuits.  The 
keying  notch  is  a  medium  by  which  in- 
di\idual  wafers  are  automatically  ori- 
ented for  the  mechanical  application  of 
component  parts. 

The  titanate  capacitor  body  is  manu- 
factured in  PROJECT  TINKERTOY 
in  very  much  the  same  manner  as  the 
ceramic  wafers.  The  capacitor  is  non- 
porous  ceramic  composed  usually  of  mag- 
nesium, barium,  calcium,  and  strontium 
titanates  of  high  purity,  organic  binders 
and  water.  After  firing,  it  is  about  1  - 
inch  square  and  2/100  inch  thick.  The 
capacity  values  may  be  varied  from  7.0 
micromicrofarads  to  0.01  microfarad  by 
changing  the  relative  proportions  of  the 
constituent      minerals.      Raw      material 
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-MECHANIZED  ASSEMBLY  LINE- 


The  MDE  design  system  dispenses 
with  the  conventional  circuit  diagram 
"t  the  tested  electronic  model  and  places 
all  necessary  production  programming 
information  on  an  MDE  work  sheet. 
Each  work  sheet  contains  the  front  and 
back  outlines  of  six  wafers  with  appro- 
priate numbering  to  identify  each  notch 
in    the   wafer,   each    riser   wire,   and    the 


raw  materials. 

Steatite  wafers  and  tube  sockets  are 
processed  from  raw  materials  and  are 
stamped  out  at  a  rate  of  about  2800 
pieces  per  hour.  These  parts  are  cured 
,ir  2.^00°  F  in  a  tunnel  kiln.  The  wafers 
are  then  mechanically  gaged,  and  all 
pieces  which  do  not  fit  within  close 
tolerances  are  rejected. 


batches  weighmg  about  five  pounds  will 
produce  about   100,000  capacitors. 

The  materials  required  for  the  manu- 
facture of  tape  resistors  in  PRC^JECT 
TINKERTOY  are  a  heat-resistant  as- 
bestos paper  tape  known  as  Quinterra, 
|iolyeth\  lejie  tape,  carbon  black  or  gra- 
idiite,  resin,  and  a  solvent.  The  resistor 
formulation    (a   nuxture   of   the  carbon. 
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•  Three  Tri-State  College  Engi- 
neering graduates  are  playing  an 
important  part  in  the  construction 
of  a  new,  modern  jet  test  facility  at 
Allison  Division  of  General  Motors 
Corporation. 

William  R.  Johnson,  right,  re- 
ceived his  B.S.  degree  in  Mechani- 
cal Engineering  in  1941  .  .  .  the 
same  year  he  joined  Allison  as  a 
junior  test  engineer.  In  1952,  after 
several  promotions  and  a  period  in 
military  Service,  he  became  an  engi- 
neering supervisor  and  was  as- 
signed the  responsibility  of  engi- 
neering the  eight  jet  engine  test 
cells  at  the  new  experimental  plant. 
The  new  test  cells — revolutionary 
in  design— make  use  of  huge  100- 
ton  steel  tanks  calculated  to  with- 
stand an  ultimate  internal  pressure 
of  175  PSIG. 

H.  F.  Prang,  left,  was  graduated 
in  '42  with  a  B.S.  in  Mechanical 
Engineering.  Later,  he  joined  Alli- 


son as  a  draftsman  in  connection 
with  the  development  of  sleeve  type 
bearings  for  aircraft  engines.  From 
the  beginning  of  the  new  test  plant 
program,  he  has  been  supervisor 
of  drafting  in  the  ""Experimental  Jet 
Facilities  Group"  which  provides 
all  designs  of  test  equipment  in  the 
building. 

Edward  G.  Delaney,  center,  re- 
ceived his  B.S.  in  Mechanical  Engi- 
neering in  1951.  He  was  recently 
promoted  to  the  "Test  Projects  Con- 
trol Group"  at  Allison.  His  job  will 


be  to  use  the  new  equipment  and 
facilities  in  the  testing  of  jet  en- 
gines. He  will  be  running  individual 
tests  on  components,  and  coordi- 
nating proper  control  installations 
on  experimental  engines. 

Allison's  long  range  engineer- 
ing program  is  expanding,  offering 
unlimited  opportunities  to  young 
graduate  engineers.  We  think  you, 
too,  will  like  it  at  Allison,  the  only 
manufacmrer  whose  jet  engines  have 
accumulated  more  than  3,000,000 
hours  in  the  air! 


'{^^    DIVISION  GENERAL  MOTORS  CORPORATION  >  Indianapolis,  Ind. 

Design,  development  and  production  —  high  power  TURBINE  ENGINES  for  modern  aircraft  .  .  . 
heavy  duty  TRANSMISSIONS  for  Ordnance  and  Commercial  vehicles  .  .  .  DIESEL  LOCOMOTIVE 
PARTS    .    .    .    PRECISION    BEARINGS    for  aircraft,   Diesel   locomotives  and   special  application. 
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?cm'ii,  and  solvent)  is  ground  to  a  fine 
adhesive  powder.  The  compound  is  then 
sprayed  on  a  loop  of  Quinterra  tape, 
and  a  protective  coating  of  polyethylene 
tape  is  applied.  The  tape  is  slit  into  five 
or  six  narrow  strips  and  stored  on  rolls 
in  a  refrigerator.  A  75-foot  roll  of  tape 
will  produce  over  10,000  resistors.  The 
tape  resistors  produced  have  a  range 
from  10  ohms  to  10  megohms.  They  will 
hold  their  rated  resistance  within  ±10 
percent  up  to  temperatures  near  200  P' 
and  are  capable  of  1  4-watt  power  dis- 
sipation at  the  operating  temperature. 

Metallizing  is  the  name  given  to  a 
series  of  operations  in  the  PROJECT 
TINKP'RTOY  plant  in  which  appro- 
priate sections  of  the  wafer  or  capaci- 
tor body  are  silver  painted.  During  these 
stages,  circuits  are  printed  on  the  wafers, 
notches  are  coated,  conducting  surfaces 
and  leads  are  applied  to  capacitors,  fur- 
nace-curing takes  place,  and  circuits  are 
inspected.  Finally,  all  silvered  surfaces 
received  a  thin  coating  of  solder.  All 
of  the  operations  are  mechanized. 

The  keying  notch  pressed  into  each 
wafer  is  initially  used  during  the  metal- 
lizing operations.  The  wafers  are  load- 
ed into  vibratory  bowl  feeders  provided 
with  spiral  escape  channels.  A  series  of 
four  exit  ports  followed  by  steps  are 
set  into  the  channels.  A  small  screw  is 
inserted  into  each  exit  port  that  per- 
mits only  those  wafers  to  pass  if  the  key 
is  aligned  with  the  screw.  If  the  wafer 
is  incerrectly  oriented,  it  is  turned  9(1 
(l<'t:rees  as  it  falls  down  the  channel 
step  following  the  exit  port.  A  specialh' 
LiKjiived  channel  inverts  the  wafer  if  it 
h.is  failed  to  pass  through  the  other  four 
ports,  and  the  keying  procedure  is  re- 
peated. As  a  consequence,  all  wafers 
I  passing  from  the  feeders  are  oriented  in 
the  same  direction  and  have  the  same 
surface  turned   upward. 

.Another  feature  of  the  \ibratory  bowl 
(feeders  is  the  mechanism  that  controls 
ithe  quantity  of  wafers  being  issued.  The 
I  issuing  channel  is  provided  with  a  photo- 
! electric  cell  that  functions  onI\-  if  the 
light  path  is  completed.  If  the  channel 
Is  not  filled  with  wafers,  the  completed 
photocell  light  path  energizes  the  circuit 
causing  the  bowl  to  vibrate.  When  the 
, channel  is  full,  the  bowl  automatically 
'stops  vibrating,  and,  therefore,  issuing 
wafers. 

Tape  resistors,  titanate  capacitors, 
jtube  sockets  ,and  other  miniaturized 
'parts  are  mounted  on  the  wafers  be- 
tween the  appropriate  silvered  conduct- 
ing patterns.  Rolls  of  resistor  tape  are 
placed  on  a  machine  that  automatically 
cuts  the  tape  into  one-half  inch  lengtlis, 
jpresses  the  resistors  between  printed  elec- 
Itrodes  on  the  surface  of  the  wafer,  ap- 
plies pressure,  and  eqects  the  completed 
j resistor-mounted  wafer.  As  many  as  two 
[resistor  tapes  may  be  applied  to  each 
Iwafer  surface. 


A  single  machine  is  used  to  mount  up 
to  two  capacitors  on  each  surface  of  a 
wafer.  Each  capacitor  is  automatically 
oriented  and  the  silvered  circuit  on  both 
surfaces  is  electrically  tested  before 
mounting.  For  example,  if  four  capaci- 
tors are  to  be  moiuited  on  a  wafer,  the 
first  two  are  dropped  into  a  conveyor 
driven  jig.  They  are  followed  by  a  slave 
that  centers  the  capacitors,  and  the 
properly  oriented  wafer  is  added.  The 
remaining  two  capacitors  are  dropped 
on  top  of  the  wafer.  The  jig  is  conve\ed 
tlirough  a  pair  of  induction  heaters  that 
cause  the  tinned  surfaces  on  the  parts  to 
bond. 

In  the  tube  socket  assembler,  silvered 
tube  pins  are  mechanically  placed  into 
their  proper  holes  in  the  steatite  tube 
socket,  a  wafer  is  placed  on  top  of  the 
socket,  and  a  rivet  binds  the  two  pieces 
together. 

After  the  various  parts  have  been 
mounted  on  the  wafers,  the  notches  on 
wafer  are  tinned  with  solder.  The  ma- 
chine that  performs  this  operation  auto- 
matically grips  each  component-mounted 


is  tuined  'HI  degrees,  and  the  chain  drive 
carries  it  to  another  soldering  position 
where  six  more  wires  are  bonded  to  the 
module.  After  final  electrical  inspec- 
tion, segments  of  riser  wires  are  severed 
where  circuit  isolation  is  required  be- 
tween wafer-mounted  circuits. 

During  each  stage  in  the  mechanized 
production  of  electronics,  provision  is 
made  for  100-percent  automatic  inspec- 
tion. This  is  both  a  physical  gaging  and 
an  electrical  comparison.  Printed  cir- 
cuits, resistors,  and  capacitors  are  com- 
pared with  their  electronic  equivalents 
both  before  and  after  assembly.  This  is 
accomplished  by  use  of  electronic  com- 
puters, bridge  circuits,  and  other  com- 
parison de\ices.  The  inspection  "code"  is 
contained  on  the  punched  cards  which 
were  prepared  by  the  design  engineer 
and  have  accompanied  the  wafers  all 
through  the  production  process.  After 
the  final  assembly  of  the  module  the 
whole  circuit  is  again  tested  to  see  that 
it  meets  specifications  within  set  toler- 
ances. 

The     tuial     assembly    opeiation     need 


Inter  of  the   PROJECT    TINKERTOY   pilot   plant,   conceived    and    developed 
by  the  National  Bureau  of  Standards. 


wafer  and  dips  (jne  side  into  tlu\  anil 
solder.  The  tinning  operation  is  repeated 
on  the  other  three  sides  after  successive 
90  degree-turns  of  the  wafer. 

Uniform  wafer-mounted  component 
parts,  including  wafer-mounted  coils, 
toroids,  potentiometers,  and  crystals  are 
now  ready  for  assembly.  The  complete 
assembly  of  the  module  is  accomplished 
in  a  single  machine.  Six  vibratory  feed- 
ers issue  the  wafers  to  a  loading  device 
that  holds  the  wafers  in  an  upright  posi- 
tion between  specially  designed  jaws.  A 
cliain  dri\e  carries  the  jig  to  a  soldering 
position  at  which  six  riser  wires  are 
guideil  into  appropriate  notches,  three 
on  a  side.  Th  emechanism  brings  solder- 
ing irons  in  contact  with  the  unit  aiul 
bonds  the  wires  to  the  notches.  The  unit 


not  necessarily  be  considercil  a  part  of 
the  .Mechaju'zed  Production  of  Elec- 
tronics. Normally,  a  set  of  modules  (as 
many  as  ten)  are  mounted  on  or  between 
copper-clad  base  plates.  Circuits  have 
been  etched  into  the  copper  surface  and 
connect  the  riser  wires  of  the  several 
modules  to  form  a  complete  electronic 
circuit.  Several  such  plate  assemblies  ma\ 
form  an  equipment,  (^ne  base  plate  with 
six  modules,  for  instance,  contains  all  the 
necessary  circuits  to  make  a  six-tube 
radio   leceuci'    function    properix'. 

Industrial  Preparedness 

Industrial  mobilization  and  prepared- 
ness have  been  studied  by  the  Industrial 
Planning  Dixision  of  the  Navy  Bureau 
of  Aeronautics  for  manv  vears.  In  stud\- 
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Resins  Make  News 


CHEMICAL  PROBLEM... 

.  .  .  inks  that  dry  fast  on  today's 
high-speed  presses;  print  clear  on 
many  different  surfaces,  such  as 
magazine  covers  and  packages. 

SOLUTION . . . 

.  .  .  quaHty-controlled  resins,  de- 
veloped by  Hercules'  rosin  re- 
search, that  are  tailor-made  for 
many  modern  printing  inks.  The 
Pentalyn''  series,  for  example,  and 
Limed  Poly-pale*  Resin,  are 
found  in  rotogravure,  letterpress, 
and  lithographic  inks.  Other 
Hercules  resins  are  used  in  flexo- 
graphic  (aniline)  inks.  Hercules 
also  makes  film-formers,  such  as 
nitrocellulose,  ethyl  cellulose,  and 
Parlon^ ,  for  inks  used  on  publica- 
tions, bread  and  soap  wraps,  and 
for  printing  on  foil,  cellophane, 
and  other  hard-to-print  surfaces. 

COLLEGE  MEN . .  . 

This  is  but  one  example  of  the 
far-reaching  chemical  develop- 
ments in  which  you  could  partici- 
pate at  Hercules  — in  research, 
production,  sales,  or  staff  opera- 
tions. It  suggests  the  ways  Her- 
cules' products  serve  an  ever- 
broadening  range  of  industries 
and  end-uses. 


Hercules'  business  is  solving  problems  by  chemistry  for  industry . . 


% 


soaps,  detergents,  rubber,  plastics,  paint,  varnish,  lacquer,  textiles,  paper,  insecticides,  adhesives, 
to  name  a  few,  use  Hercules®  synthetic  resins,  cellulose  products,  chemical  cotton,  terpene  chem- 
icals  rosin  and  rosin  derivatives,  chlorinated  products  and  other  chemical  processing  materials. 
Hercules®   explosives  serve  mining,   quarrying,  construction,   seismograph  projects  everywhere. 


HERCULES 


HERCULES   POWDER.  COMPANY  Wilmington  99,  Delaware 
Sates  Offices  in  Principal  Cities 
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ing  the  electronic  industry  it  was  con- 
cluded that  in  the  event  of  a  national 
emergency  costs  for  production  and 
maintenance  of  electronics  would  be 
formidable  in  view  of  the  quantities  and 
varieties  of  needed  gear.  ConsequentK 
the  Navy  Burea  uof  Aeronautics  decided 
that  the  only  solution  to  the  problems 
of  satisfying  the  huge  demands  for  elec- 
tronic equipment  was  a  mechanized  pro- 
duction system. 

The  Navy  turned  to  the  National  Bu- 
reau of  Standards  in  1950  for  the  solu- 
tion of  these  industrial  mobilization 
problems.     The     National     Bureau     of 


of  the  program  became  the  design  and 
constrviction  of  a  pilot  plant  compatible 
with  the  principles  of  Modular  Design 
of  f^lectronics. 

PRC\|ECT  TINKERTOY  makes 
possible  a  rapid  conxersion  from  cixilian 
to  military  products  (and  back  again) 
on  short  notice  and,  concurrently,  al- 
lows a  greatly  expanded  production  ca- 
pacity. DelaNs  caused  by  the  need  for 
recruiting  and  training  new  production 
personnel  and  the  procurement  of  new 
mechanisms  and  parts  are  eliminated. 
Most  of  the  operating  "know-how"  is 
stored    in   mechanical    fingers   and    elec- 


Electronic    equipment    produced    by    conventional    methods    (left)    and    an 
MPE  version  of  the  some  piece  of  equipment. 


standards  had  engaged  in  pioneering 
vork  in  printed  electronic  circuits,  stem- 
ning  from  problems  arising  in  its  prox- 
niity  fuze  work  during  World  War  II. 
'riror  to  1950.  the  Bureau  had  de- 
•eloped  a  modular  design  concept,  tape 
esistors,  special  circuit  printing  tech- 
[liques,  and  hand-machines  for  printed 
ircuits  in  connection  with  various  rc- 
earch  and  development  projects.  Prob- 
lems of  miniaturization  and  ruggediza- 
ion  of  electronic  equipment  had  also 
leen  under  study  for  some  time. 

The  first  modular  design  of  military 
lectronic  equipment  had  been  com- 
|ilcted  by  NBS  in  1949,  when  a  radar 
iitcrniediate  frequency  assembly  had 
ju'en  designed  and  constructed.  A  careful 
tud\'  by  the  Navy  in  1950  indicated 
hat  "the  most  advanced  state  of  pro- 
essed  circuitry  is  a\ailable  at  the  Na- 
iional  Bureau  of  Standards."  The  NBS 
\stem  was  particularly  compatible  with 
lilitary  en\ironmental  requirements, 
jnd  constructed  by  the  Navy  in  1950 
hdicated  that  "the  most  advanced  state 
f  processed  circuitry  is  available  at  the 
v'aional  Biuau  of  Standards."  The 
ivBS  system  was  particularly  compatible 
,.'ith  militar\'  enxironmental  require- 
'lents,  and  stressed  maximum  use  of 
law  materials  rather  than  pre-processed 
omponent    parts.    The    major    objecti\e 


tromechanical  control  mechanisms,  and 
even  electronic  equipment  designs  may 
be  stored,  ready  for  production,  in  the 
form  of  punched  cards  and  circuit  sten- 
cil screens. 

Because  PRe)JECT  TINKERTOY 
largely  utilizes  unprocessed  or  bulk  ma- 
terials, the  system  is  comparatively  free 
from  dependence  on  particular  com- 
ponents in  critical  supply.  The  Mechan- 
ized Production  of  Electronics  results 
in  a  very  high  production  rate.  L'ni- 
formity  of  electronic  products  at  a  high 
quality  level  is  enhanced  by  the  mechan- 
ized production  and  by  lOO'j  automatic 
inspection.  This  affords  the  possibility 
of  repair  and  maintenance  of  electronic 
systems  by  replacement  of  luitized  pack- 
ages or  entire  subassemblies. 

Performance  of  equipments  produced 
in  PROJECT  TINKERTOY  appears 
generally  equivalent  to  that  obtainable 
from  conventional  assemblies.  Equip- 
ments produced  on  an  experimental  basis 
meet  military  environmental  require- 
ments, passing  such  tests  as  shock,  vibra- 
tion, temperature,  and  humidity  estab- 
lished in  military  specifications.  More- 
oxer,  the  standardization  and  uniform- 
it\'  achie\ed  by  the  .MDE  wafer-com- 
ponent and  stacked-wafer  design  result 
in  production  outputs  of  uniformally 
satisfactory  equipment,  whose  character- 


istics both  physicallv  and  electrically  are 
carefulh'  controlled  through  the  lOO'r- 
automatic  inspection  machines  that  are 
an  integral  part  of  the  production  line. 

The  final  design  and  subsequent  con- 
struction of  many  PROJECT  TINK- 
ERTOY machines  called  for  the  serv- 
ices and  assistance  of  industry  at  a  time 
when  the  Korean  emergency  had  pre- 
empted most  machine-tool  and  related 
facilities.  The  Na\y  and  the  .National 
Bureau  of  Standards  were  able,  how- 
ever, to  secure  the  cooperation  of  several 
companies  with  available  facilities  and 
staff. 

Basic  conception  and  development — 
as  well  as  earh  background  research — 
were  contributed  b\  the  .National  Bu- 
reau of  Standards,  including  solution  of 
new  process  and  materials  handling 
problems,  design  of  the  pilot  plant  and 
much  of  its  equipment,  and  technical  di- 
rection of  all  phases  of  the  program. 
While  some  of  the  plant  machines  were 
designed  and  constructed  by  NBS,  the 
major  part  of  the  design  and  construc- 
tion of  the  production  equipment  was 
done  by  the  Kaiser  Electronics  Division 
of  Willys  Motor  Co.  Some  special  ma- 
chines were  also  designed  and  built  by 
the  Doughnut  Corp.  of  America  (  Elli- 
cott  City,  Md.).  Specially  designed  au- 
tomatic production  test  equipment  was 
obtained  principally  from  Communica- 
tion Measurements  Laboratory,  Inc. 
(  Plainfield,  N.  J.).  Some  major  engi- 
neering applications  to  equipment  were 
made  by  Sanders  Associates,  Inc.  ( Na- 
shua, N.  H.),  including  environmental 
studies  of  MDE  units.  The  Davies  Lab- 
oiatories  (Riverdale,  Md. )  and  the 
Navy  Post  Cjraduate  School  (Monterey, 
Calif)  also  rendered  assistance  in  some 
phases  of  the  work.  Acknowledgment  is 
also  due  to  many  companies  and  individ- 
uals who  contributed  auxiliary  services 
and  supplies. 


"I  see  you're  driving  a  new  car." 
"Yes,  I  tried  to  sell  an  insurance  poli- 
cv  to  an  avitomobile  salesman." 

•:s  *  *- 

An  old-timer  is  a  fellow  who  remem- 
bers when  he  could  buy  a  pound  of 
steak  for  a  dime,  but  forgets  he  had  to 
work  an  hour  to  earn  the  dime. 

A  smart  girl  is  one  who  quits  playing 
ball  after  one  good  catch. 

Women's  tears:  the  first  successful 
Fluid  Drive. 

Arguing  with  a  woman  is  like  trying 
to  read  a  newspaper  in  a  high  wind. 
*       *        » 

If  most  women  had  it  to  do  over, 
they'd  marry  the  man  they  didn't  have 
to  do  over. 
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for  the  future! 


If  you  plan  a  career  in  automotive  engi- 
neering, you'll  be  wise  to  consider  these 
facts:  A  survey  found  that  40  per  cent  of 
the  top  jobs  in  industry  are  now  held  by 
men  with  broad  engineering  backgrounds. 
In  General  Motors,  the  chairman  of  the 
board  and  19  vice  presidents  are  engineers 
of  wide  experience  and  training. 

And  the  majority  of  all  leading  positions 
in  automobile  engineering  are  held  by  men 
who  have  experience  in  designing! 

There's  a  great  future  for  young  men  with 
well-rounded  training  in  the  dynamic  and 
expanding  automobile  industry,  and  nowhere 
is  there  greater  promise  for  continued  growth 
than  at  Pontiac.  Experienced  engineers  are 


anxious  to  work  with  young  men  to  design 
the  finer  car  that  will  insure  this  continual 
progress. 

There's  no  better  route  for  the  young  man 
who  wants  a  well-rounded  engineering  career 
based  on  opportunity,  future  advancement, 
and  liberal  General  Motors  compensation 
and  employment  benefits. 


1 


Pnnfiar\  huii>-  'I'-'C'  engineering  building  is  one  of  the 
industry's  most  modern,  with  cuery  conceivable  facility 
for  designing  better  and  better  Pontiacs. 


Pontiac 
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Can  you 


your  future 
ugh  this  Winidow? 


This  is  an  aluminum 
window,  one  of  four  million 
that  will  go  into 
buildings  in  1953.  Twenty 

years  ago,  it  was  just  an  idea  in  the 
mind  of  an  Alcoa  development  engineer.  Ten 

years  ago,  only  a  few  thousand  were  made 
annually.  Now,  production  is  increasing 
at  the  rate  of  over  half  a  million  a  year. 
This  is  just  one  of  a  torrent  of  new  uses  for 

aluminum  which  means  that  Alcoa  must 
continue  to  expand.  Consider  the  opportunities 
for  you  if  you  choose  to  grow  with  us. 


MIUIONS 
OF 

POUNDS   1935 
1000 


1940 


1945  1950 


I  government  owned  plants  built 
■ing  World  War  2. 


What  can  this  mean 
as  a  career  for  you? 

This  is  a  production  chart  .  .  .  shows  the  millions  of 
pounds  of  aluminum  produced  by  Alcoa  each  year  be- 
tween 1935  and  1952.  Good  men  did  good  work  to 
create  this  record.  You  can  work  with  these  same  men, 
learn  from  them  and  qualify  yourself  for  continually 
developing  opportunities.  And  that  production  curve- 
is  still  rising,  we're  still  expanding,  and  opportunities 
for  young  men  joining  us  now  are  almost  limitless. 

Ever-expanding  Alcoa  needs  engineers,  metallurgists, 
and  technically  minded  "laymen"  for  production,  re- 
search and  sales  positions.  If  you  graduate  soon,  if  you 
want  to  be  with  a  dynamic  company  that's  "going 
places",  get  in  touch  with  us.  Benefits  are  many,  stability 
is  a  matter  of  proud  record,  opportunities  are  unlimited. 

For  more  facts,  consult  your  Placement  Director. 
Aluminum  Company  of  America,  Pittsburgh,  Penna. 


Alcoa 
Aluminunn 


ALUMINUM     COMPANY    OF   AMERICA 
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CHANCES 
ARE 


e         •         • 


by  Don  Arnold,  E.E.  '55 


Have  you  been  fianiblin^  l:itel\  .■' 
When  was  the  hist  time  \()ii  walked 
across  the  street?  That  was  really  tak- 
ing a  chance  that  a  car  wouldn't  turn 
a  corner  and  run  you  down.  Sure,  we've 
all  been  gambling  many  times  a  day  and 
on  the  simplest  forms  of  everyday  life. 

Even  if  all  of  us  do  not  have  a  close 
relation  with  the  more  recognized  forms 
of  gambling,  occurences  always  turn 
up  in  which  one  of  us  is  trying  our  new 
torniula  to  try  to  beat  the  roulette 
table. 

In  No\ember  of  1947,  two  I  iiiver- 
sit\  of  Chicago  students  rode  out  to 
Reno,  Nevada,  in  an  old  beat-up  car 
with  $\2{)  in  their  pockets.  These  stu- 
dents had  figured  a  way  to  beat  the 
wheel  through  a  progressive  parlay  based 
on  mathematical  probability  and  two 
basic  assumptions:  (  1  )  that  any  roulette 
wheel  has  some  slight  imperfection  and 
follows  a  pattern  of  its  own,  and  (2) 
that  good  or  bad  luck  runs  in  streams. 
Night  after  night,  anyone  could  see  one 
of  this  partnership  sitting  by  the  rou- 
lette wheel  feverishly  taking  down  the 
winning  numbers.  Finally,  they  risked 
their  first  bet,  using  a  system  of  increas- 
ing bets  in  a  run  of  good  luck  but  never 
decreasing  bets.  Before  their  streak  of 
bad  luck  became  prolonged,  these  two 
ran  their  $120  into  $7,500.  Here,  they 
inade  the  smartest  play  of  their  gambling 
career  and  went  back  to  Chicago  ahead 
by   over  $7,000. 

This  is  just  one  luck\'  case  of  man\ 
who  have  tried  to  break  the  bank  at  the 
gambling  halls.  Not  all  stories  have  such 
a  happ\  ending,  and  we  are  not  trying 
to  influence  you  to  perfect  a  formula 
to  beat  the  wheel.  However,  we  would 
like  to  show  some  of  the  basis  for  the 
odds  that  you  may  read  in  the  morning 
paper  or  to  show  you  just  what  are  your 
chances  of  beating  the  roulette  wheel  or 
some   other   gambling   device. 

.Most  odds  are  based  on  the  simple 
laws  of  probability.  For  instance,  if  you 
have  3  pairs  of  trousers,  4  shirts,  2  pairs 
of  shoes,  and  2  sport  coats,  how  many 
different  ways  can  you  dress.  If  you 
wouhl  try  to  figure  out  all  of  the  dif- 
ferent   combinations,    you    would      find 
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that  the  answer  is  meieK  the  product 
of  the  respective  numbers,  or  3  x  4  \  2  \ 
2.  or  48  different  combinations. 

The  same  general  principle  would 
hold  if  you  were  giving  odds  on  the 
chance  of  rolling  a  certain  number  on 
a  pair  of  dice,  say  a  12.  The  chance  of 
rolling  a  6  on  either  die  is  one  out  of  6. 
Putting  these  two  probabilities  together, 
we  ha\e  1  out  of  36,  or  35  losses  against 
I  win.  Thus  the  odds  would  be  35  to  1. 
Of  course,  if  there  is  more  than  one  com- 
bination of  the  dice  that  will  give  a 
number,  the  odds  are  greatly  reduced. 
The  odds  against  rolling  a  7  on  a  pair 
of  dice,   for  instance,  are  5  to   1. 

Have  you  been  playing  any  cards  over 
at  your  house  lately?  Well,  the  odds  are 
1  to  3  that  you  bought  a  deck  of  playing 
cards  this  year,  and  the  odds  are  2  to  1 
that  you  will  be  playing  bridge  with 
them.  If  in  this  game  of  bridge,  you  and 
your  partner  hold  7  trump,  \ou'll  get  an 
even  split  36^,'  of  the  time;  if  you  hold 
9  trump,  you  will  get  that  even  split 
40';  of  the  time;  with  11  trump,  \ou 
will  get  it  52 'r  of  the  time. 

If  you  ha\e  been  betting  on  the  foot- 
ball pools,  you  had  better  pick  your 
teams  carefully,  because  the  odds  are 
against  you.  Your  chances  of  picking 
three  winners  are  2  \  2  x  2,  or  1  out 
of  6,  while  the  cards  give  you  5  to  1. 
The  chances  of  picking  10  out  of  10 
football  winners  are  1023  to  1,  but  you 
get  odds  of  onl\-  100  to  1. 

E\ery  spring  the  Kentucky  Derby  is 
run,  and  every  race  has  its  perennial 
favorite.  Contrary  to  common  belief,  the 
bookmaker  or  race  track  does  not  set  the 
odds  on  the  horses,  but  the  betters  them- 
selves cut  their  own  throats  through  a 
system  called  parimutuals.  Here  the  bet- 
tors make  their  own  odds,  and  the  race 
track  takes  a  certain  percentage  of  the 
total  amoimt  that  is  bet.  Of  course  the 
state  also  takes  its  share  of  the  bet  so 
that  less  than  85' i  of  the  money  bet  on 
each  race  is  returned.  Hence,  if  a  bettor 
would  start  with  $10  and  only  get  his 
85'~{  back  on  every  race  of  an  eight  race 
card,  he  would  oiih  have  $2.70  left  at 
the  end  of  the  day. 

According  to  the  pari-mutual  system. 


if  $100,000  is  bet  on  a  race,  the  track 
and  state  take  about  $15,000.  Now  if 
10,000  tickets  were  sold  on  this  winning 
horse,  each  ticket  would  pay  $85,000 
$10,000 
or  $8.5ll.  The  odds  are  a  little  more 
complicated  in  computing  the  place 
(second)  price,  as  two  winners  must  be 
payed.  Say  that  after  the  track  and 
state  has  deducted  its  15';,  the  total 
amount  to  be  paid  back  to  the  bettors 
is  $100,000.  Thus  $50,000  would  be 
paid  to  the  holders  of  tickets  on  the  two 
winning  horses.  If  20,000  tickets  are 
sold  on  one  horse  and  10,000  tickets  on 
the  other,  the  two  tickets  would  be 
$2.50  and  $5.00  respectively.  The  same 
system  is  used  no  matter  how  many  win- 
ners are  to  be  paid  off. 

As  you  can  see  the  track  doesn't  care 
which  horse  wins  the  race  because  it 
always  gets  its  same  percentage  and  al- 
ways wins.  That  is  unless  the  minus  pool 
is  encountered.  This  is  the  situation  that 
occurred  nearly  every  time  Native  Danc- 
er has  rim.  The  law  requires  that  at 
least  $0.05  must  be  paid  back  on  each 
dollar  bet  on  the  winning  horse.  Thus 
in  a  hypothetical  case  let  us  say  that  out 
of  the  $100,000  bet  on  all  horses  in  the 
race,  $Q0,O0(f  of  it  is  bet  on  our  winner, 
Native  Dancer.  If  the  state  takes  an 
eight  per  cent  cut  of  the  total  amount 
bet,   this  would   only   lea\e   $92,000   to 
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be  distributed  to  the  winners.  Since  the 
track  must  pay  back  at  least  $1.05  for 
every  dollar  bet  on  the  winner,  a  total 
of  $94,500  must  be  paid  back  to  the 
bettors,  and  the  track  must  accept  a  loss 
of  $2,500  on  the  race. 

But  what  were  the  chances  of  our  two 
University  of  Chicago  students'  beating 
the  roulette  wheel?  The  owner  of  the 
Monte  Carlo  Casino  and  the  most 
played-on  roulette  wheel  in  the  world 
said  about  the  game,  "Red  wins  some- 
times ;  black  wins  sometimes ;  but  white 
(the   house)    wins   always." 

A  normal  roulette  wheel  has  35  num- 
bers and  one  zero.  Of  these  36  numbers, 
18  are  black  and  18  are  red.  A  player 
can  wager  that  any  certain  number  will 
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come  ii|i  or  th:ir  the  winning  number 
will  be  either  leii  or  black.  The  odds 
that  any  one  of  the  36  numbers  (there 
are  actually  37  spaces)  will  turn  up  is 
1  out  of  37,  but  the  odds  given  are  35 
to  1.  The  odds  on  one  of  the  colors 
coming  up  are  given  at  1  to  1  when 
they  are  really  37  to  36  against  your 
picking  the  right  color.  This  means  that 
for  every  $100  bet  on  a  number  at  odds 
of  35  to  1,  you  can  expect  to  get  $97.30 
back. 

But  these  wheels  are  merely  man- 
made  instruments  and  every  one  must 
eventually  have  some  minute  flaw  that 
will  cause  the  wheel  to  spin  untrue.  It 
is  on  these  repetitions  that  most  of  the 
gambling  systems  are  based.  This  is  why 
you  can  see  the  system  player  sitting  by 
the  roulette  table  with  his  notebook  in 
hand  trying  to  find  the  flaw  that  will 
show  him  he  magic  number  that  will 
defy  the  so-called  law  of  averages  and 
and  appear  more  than  the  rest  of  the 
numbers. 

There  are  man\  t\pes  of  systems 
used  by  gamblers  to  apply  the  laws  of 
probabilities  to  beat  the  roulette  wheels. 
One  known  as  the  Martingale  is  to  bet 
on  a  color  and  keep  increasing  the  bet 
when  losing  so  that  when  he  finall\ 
wins,  the  winmngs  will  more  than  cover 
all  the  losses.  For  instance,  a  player 
could  bet  one  dollar  on  the  red.  If  he 
loses,  his  next  bet  would  be  two  dollars, 


and  then  four  dollars,  and  eight  dollars, 
and  on  up  until  he  finally  wins.  Thus, 
if  he  wins  on  the  fourth  bet,  he  would 
receive  $8,  while  he  had  lost  a  total  of 
$7  on   the  three  previous  bets. 

One  of  the  big  disadvantages  of  the 
Martingale  is  the  limit  set  by  the  bank. 
If  the  player  encoimters  a  long  run  of 
losses,  his  progressive  bets  may  reach 
the  limit  set  by  the  house.  Thus  he  suf- 
fers the  maximum  loss  equal  to  the  bet- 
ting limit,  and  a  series  of  maximum 
losses  spaced  close  together  will  not  give 
him   time  to   recoup  his  losses. 

Another  system  of  this  type  is  known 
as  the  Great  Martingale.  The  bets  after 
successive  losses  in  this  system  are  one 
less  than  the  power  of  2,  or  1,  3,  7,  15, 
31,  63,  .  .  . 

The  effect  of  the  zero  in  the  Mar- 
tingale is  th.it  it  tends  to  increase  the 
chance  of  an  imfavorable  run.  To  offset 
tiiis  additional  strain,  some  players  put 
a  side  bet  on  the  zero.  If  no  win  is  en- 
countered b\  the  fifth  bet,  the  player 
would  bet  $1  on  the  zero  while  betting 
the  usual  $16  on,  let  us  say,  the  red. 
If  the  zero  would  come  up  on  this  play, 
he  would  win  $35,  but  will  have  lost 
$31  on  the  Martingale.  If  however,  the 
black  would  appear  on  the  fourth  play, 
the  pla\er  would  increase  his  bet  on  the 
zero  to  perhaps  $2,  while  his  bet  on  the 
red  would  by  the  system  increase  to  $32. 
Now  if  the  zero  would  appear,  he  would 


still  win  a  total  of  $7  on  the  series.  If 
the  red  would  come  up  on  this  sixth  bet, 
he  would  be  $1  out  for  the  series  and 
well  able  to  start  again.  However,  if  the 
black  would  have  come  up  again,  the 
player  must  again  increase  both  of  his 
bets  so  that  if  he  encounters  a  win,  he 
can  start  again  with  little  or  no  loss. 

All  of  the  basic  systems  are  based  on 
a  combination  of  many  of  these  princi- 
ples, but  there  is  one  and  only  one  system 
of  play  that  most  surely  leads  to  winning 
even  though  the  proceeds  ma\'  be  small. 
The  kernel  of  this  system  depends  upon 
finding  a  dishonest  wheel.  If  you  dis- 
cover one  that  is  being  manipulated,  it 
will  surely  be  set  so  that  the  large  bets 
will  be  lost.  This  is  the  time  to  bet  op- 
posite the  large  bets,  and  you  are  certain 
to  win. 

All  of  the  odds  stated  depend  upon 
a  completely  unbiased  wheel  which  is 
mechanically  perfect.  But  if  the  appara- 
tus is  defective,  these  odds  cease  to  be 
true.  If  the  machine  so  operates  that  its 
variation  from  the  laws  of  chance  are 
sufficient,  a  system  may  be  worked  out 
in  which  the  odds  of  the  game  desert 
the  bank  and  switch  over  to  the  pla\er. 
It  is  this  for  which  our  notebook  pla\- 
ers  and  the  two  Universitv  of  Chicago 
students  are  looking.  So,  engineers,  whip 
out  yoiu'  slide  rules,  dust  off  your  inte- 
gral tables,  interolate  those  logarithms, 
and  chances  are.  .  .  . 
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How  to  lick 

dust,  moisture  and  acid  fog 

prevalent   in    the   atmosphere   surrounding   the 
Rumford,  Me.,  mill  of  the  Oxford  Paper  Company 
posed  a  prohlcm  in  power  circuit  maintenance.  The 
combination  of  these  elements  caused  wooden 
structures  and  even  over-voltage   insulators  to 
become  conducting,  resulting  in  phase-to-phase  flashovers 
and  burndowns  when  ordinary  overhead  wires  were  used. 

The  solution  of  this  serious  problem  was  found 
by  substituting  Okolite-Okoprene  Self-Supporting  Aerial 
Cable  for  the  open  wires.  According  to  company  officials,  the 
combination  of  Okolite  high  voltage  moisture  and  heat  resisting 
insulation,  protected  by  non-conducting  weather  and  chemical 
resistant  Okoprene  sheathing,  has  eliminated  this  trouble. 

•     •     •     • 

Tough  jobs  are  the  true  test  of  electrical  cable  .  .  .  and 
installations  on  such  jobs  usually  turn  out  to  be  Okonite. 


Sfidfs  insvlafed  wires  and  cables 

8780. 
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TECHNICAL    WRITING    GROWS 
INTO   NEW   PROFESSION 


Publications  Engineering 

Reprinted  with  permission  of  the  Institute  of  Radio  Engineers 
from  October  1952  "Proceedings  of  the  I.R.E." 


Robert  T.  Hamlett  received  his  B.S. 
in  Electrical  Engineering  from  the 
University  in  1928.  His  present 
paper  first  appeared  in  the  "Pro- 
ceedings of  the  I.R.E."  for  October 
1952. 

Sumiiiury — Emjnin'rui{/-li'i'rl  In  /inn  al 
'K'nttntj  IS  ilfscnht'ii  as  ri-rjuiii/u/,  foi't- 
inosl,  llir  skills  and  kiwwli'di/i'  of  an 
niijinrir  and,  snimdly,  the  ahUily  In 
ivrili'  ivrll.  For  litis  comlnnalion  of  <ivoil; 
tlir  Irrm  "Puhliialinns  Knijincir"  is  t<>ii- 
posed.  The  irriltr's  parliri Ration  in  an 
ini/inrfrin//  froji-d  is  oitllinrd  on  a  limr 
basis,  slarlini/  ivilh  Ihr  souries  of  infor- 
mation and  comf'Irled  •u.'ith  delifrry  of 
the  firintrd  'work.  Satis fyini/  as/irds  of 
thr  fii'ld  arc  discussed  and  the  future  is 
predicted  as  of  //roivini/  value  to  the 
eni/ineerin//    profession    as    a    ix'hole. 

Introduction 

The  trenicndniis  cxpansinn  in  the  size 
and  productiveiies.s  of  the  engineering 
profession  has  heen  due,  in  a  large  meas- 
ure, to  the  ability  of  research  and  de- 
velopment engineers  to  enlist  other 
engineers  for  special  tasks  or  services 
related  to  their  basic  problems.  It  was 
not  so  many  years  ago  that  an  engineer 
was  the  rngineir — he  was  charged  with 
responsibility  for  all  engineering  work 
on  a  project.  This  was  possible  because 
the  end  result  of  his  engineering  work 
was  usually  a  single  unit  or  instrument 
which  operated  without  "tie-in"  or   ref- 


erence to  other  equipment.  He  foLuid 
time  somehow  to  soke  all  of  the  engi- 
neering problems  that  arose  in  connec- 
tion  with   his  "brain  child." 

Hut  the  modern  era  of  "systems" 
rather  than  "instruments"  has  changed 
the  engineering  approach  to  a  very 
marked  degree.  One  hears  now  about 
SNStems  engineers,  product  engineers, 
project  engineers,  standards  engineers, 
administrative  engineers,  test  engineers, 
field  engineers,  production  engineers, 
packaging  engineers,  industrial  engineers, 
and  so  on.  What  has  happened?  Simply 
that  the  individual  engineer  cannot  any 
longer  carry  all  the  burdens  of  the  job 
of  "engineering"  of  a  system  or  even 
of  a  single  instrument  which  ties  into 
a  system.  While  a  very  gifted  engineer, 
possessing  high  skill  in  many  branches 
of  engineering,  may  still  be  able  to  vis- 
ualize and  guide  the  work  on  his  project, 
he  is  no  longer  able  to  carry  on  the 
niMn\-  individual  investigations,  attend 
the  Irequent  engineering  conferences, 
pl.in  the  fiscal  and  field-testing  pro- 
grams, sohe  the  production  and  packag- 
ing problems,  or  create  the  publications 
which    are   necessary. 

This  ability  of  the  engineer  to  pass  on 
responsibility  to  other  engineers  has  giv- 
en rise  to  still  another  field  of  specializa- 
tion within  the  engineering  profession — 
that  of  TECHNICAL  WRIT1N(7. 
(See  Fig.  1.)  The  products  of  this  new- 


field  are  instruction  books,  training 
mamials,  engineering  reports,  technical 
data  sheets,  and  many  other  types  of 
technical  information,  a  sampling  of 
which  appears  in  Fig.  2.  The  workers 
in  this  field  are  referred  to  as  "Technical 
Writers,"  "Kngineering  Writers,"  "Spe- 
cification Writers,"  "Technical  Report 
VV^riters,"  and  the  like.  This  author 
prefers  to  call  the  workers  in  this  field 
"Publications  Engineers,"  in  keeping 
with  other  well-established  titles  such 
as  "Standards  Engineer,"  "Test  Engi- 
neer," and  "Field  Ser\ice  Engineer." 
This  new  title  will  be  used  thioughout 
the  article. 

H'luit  Is  a  Publicdtiiins  Hnflineer? 

1  he  pruicipal  reason  wh\'  this  author 
prefers  the  new  title  "Publications  En- 
gineer" to  that  of  "Technical  Writer" 
is  that  it  more  clearly  designates  the 
duties  of  such  a  worker,  and  also  places 
him  in  a  proper  professional  status  with 
fellow  engineers,  where  he  rightly  be- 
longs. For  he  is  an  engineer  first,  and 
secondly  a  writer.  The  term  "Technical 
Writer,"  as  commonly  accepted,  refers 
to  a  writer  who  writes  material  on  tech- 
nical subjects  to  various  levels  of  intelli- 
gence but  who  is  not  usually  concerned 
with  the  actual  publication  proces.ses  and 
problems. 

The  Publications  Engineer  is  an  en- 
gineering specialist  who  relie\es  other 
engineers  of  the  major  portion  of  the 
responsibility  for  production  of  all  publi- 
cations required  as  a  result  of  the  en- 
gineers' work.  The  Publications  Engi- 
neer writes  technical  material,  plans  and 
directs  preparation  of  copy,  and  carries 
through  on  all  details  concerned  with 
actual  production  of  the  publication.  It 
is  necessary  to  repeat  that  he  is  first  an 
engineer,  then  a  writer,  and  finallv,  a 
publication   man. 

Engineers  have  always  labored  under 
the  stigma  that  they  cannot  write  well. 
It  is  a  common  attitude,  even  in  pre- 
coUege  education,  to  assume  tli.it  because 


Wanted: 

Desigg  Engineers 
Field  Engineers 
Tecknicai  Writers 


POSITIONS  OPEN  IN  RE- 
SEARCH AND  ADVANCED 


TECHNICAL  WRITERS 


Technicol  Writers 


SPECIFICATION  WRITERS 


Fig.  1— Demand  for  engineer-writers,  identified  herein  as  publications 
engineers,  is  evidenced  by  these  classified  advertisements  selected  at 
random  from  employment  sections  of  newspapers  and  magazines. 
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tlu'  stiulciit  is  superior  in  mathematics 
lie  must  be  interior  in  English.  This 
affects  the  student's  attitude  and  he  ver\ 
naturally  uses  it  as  an  excuse  for  not 
Mriously  studying  the  subject  in  which 
he  is  prejudged  to  be  inferior.  When 
the  "superior"  math  student  goes  to  en- 
<;irieering  school,  it  is  a  foregone  conclu- 
Moii  that  there  is  very  little  that  can  be 
dune  to  help  him  there.  However,  he 
iv  gi\en  one  or  possibly  two  courses  in 
laiglish  (especially  "arranged"  for  en- 
gineers) early  in  his  college  work.  No 
further  attempts  are  made  to  help  him 
iiNcrcome  a  deficiency  which  will  handi- 
cap   him    throughout    his    entire    career. 

There  is  no  doubt  that  some  engineers 
cannot  write — but  some  lawyers,  some 
accountants,  and  some  doctors  cannot 
write  well!  Some  doctors  do  not  develop 
.1  pleasing  "bedside"  manner,  so  they 
become  fine  smgeons  or  specialists.  So 
some  engineers  do  not  take  time  to  write 
well,  and  because  of  this  other  engineers 
iKiw  find  an  interesting  and  well-paid 
profession. 

The  Publications  Engineer  must  be  an 
engineer  who  has  writing  aptitude.  This 
aptitude  may  have  never  become  ver\ 
(ibvious  because  of  the  misguidance  and 
hick  of  encouragement  received  during 
his  education.  The  author  has  seen  many 
iMigineers,  who  felt  certain  that  they 
wcie  below  average  in  writing  aptitude, 
.lc\elop  into  excellent  writers  of  techni- 
cal material.  No  one  can  doubt  that  the 
engineering  profession  would  be  in  a 
much  better  position  if  there  were  more 
ctfecti\e  writers  among  us.  (The  same 
might   be  said    for  speakers.) 

The  Publications  Engineer  must  be 
an  engineer  with  unquenchable  thirst  for 
learning.  If  he  is  a  mechanical  engineer, 
he  must  be  learning  more  about  elec- 
tionics;  if  he  is  an  electrical  engineer, 
lie  must  be  learning  about  aerodynamics, 
liulraulics,  and  the  like.  He  is  constant- 
ly challenged  to  describe  something 
about  which  he  knows  practically  noth- 
ing. But  with  his  basic  engineering  edu- 
cation under  his  hat,  he  tackles  each 
unknown  with  some  confidence  that  he 
can  understand  and  interpret  it  for  oth- 
ers who  may  know  more  or  less  about 
If  than  he  does.  Many  fine  technical 
ilescriptions  result  when  engineers  who 
aic  educated  in  one  field  begin  to  write 
111!  subjects  in  other  engineering  fields; 
tlie\  use  analogies  which  help  the  reader 
n    applying   the   description    to   his   own 


Fig.  2— Pubhcations  engineers  produce  a  variety  of  matter  requiring  skills 
of  both  engineer  and  writer. 


experience. 

The  Publications  Engineer  must  have 
a  working  knowledge  of  the  advantages 
and  disadvantages  of  man>'  types  of  re- 
production processes,  such  as  spirit  dupli- 
cation, mimeograph,  Photostat,  blueline, 
and  blueprint,  Ozalid,  and  offset  print- 
ing and  letterpress  printing.  He  is  fa- 
miliar with  type  faces,  paper  stock,  cover 
materials,  binding  methods,  and  the  like. 
He  understands  the  problems  involved 
in  production  of  copy  by  typewriters, 
Varitypers,  typesetting,  and  phototype. 
He  has  a  practical  knowledge  of  the 
arts  of  photography  and  retouching,  and 
he  guides  technical  illustrators  in  \is- 
ualizing  and  rendering  special  illustra- 
tions  for   use   with   his   written   words. 

All  of  his  talents  and  acquired  knowl- 
edge are  combined  in  the  process  of 
preparing  a  publication  that  must  meet 
go\ernnient  or  commercial  specifications 
covering  content,  format,  practicability, 
and  literary  standards.  He  is  at  the  same 
time  an  engineer,  a  writing  specialist, 
a  publications  expert,  and  a  student  of 
ps\chology ! 

When  the  young  Publications  Engi- 
neer has  overcome  his  inferiority  com- 
plex   in    tackling   new   writing   projects. 


he  finds  the  variety  of  writing  assign- 
ments to  be  one  of  the  most  attractive 
features  of  his  job.  It  is  a  familiar  com- 
plaint among  engineers  that  they  become 
too  specialized  and  know  too  little  of 
what  is  taking  place  in  the  scientific 
world  around  them.  While  no  scientist 
can  hope  to  keep  abreast  of  the  tremen- 
dous e\olution  of  technical  achievements 
now  taking  place,  the  Publications  En- 
gineer finds  real  satisfaction  in  testing 
and  adding  to  his  knowledge  in  many 
different  fields.  As  an  eample,  in  the 
author's  company  the  skilled  Publica- 
tions Engineer  de\elops  a  descriptive 
knowledge  in  such  varied  fields  as  radar, 
hydraulics,  servomechanisms,  gyroscopics, 
computing  mechanisms,  ballistics,  optics, 
navigation,  and  aerodynamics.  When 
the  occasion  demands,  he  becomes,  for 
a  time,  a  writing  specialist  in  one  or 
more  of  these   fields. 

In  addition  to  the  variet\  of  writing 
from  the  product  standpoint,  there  is 
also  much  variation  in  the  material  to 
be  gathered  on  any  one  product  or  sys- 
tem. Fig.  3  illustrates  some  of  the  writ- 
ing assignments  on  a  single  system.  Some 
of  the  assignments  require  the  Publica- 
tions Engineer  to  work  intimately  with 
the   eipiipnient ;    in    some   cases   he   com- 
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FUNDAMENTAL  THEORY 
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INSTALLATION 


OPERATION 


SIMPLIFIED  OPERATtNC  PROCEDURES 


MAINTENANCE 


Fig.   3— Publication  engineer's  writing   begins  early  with   a 
project  and  follows  product  into  the  field. 
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NEEDED —    A  N€W  approach! 


Prime  contractors  to  our  Armed  Forces — M.  A.  C. 
is  engaged  in  the  design,  development  and  produc- 
tion of  airplanes,  helicopters  and  guided  missiles. 
One  of  the  newer  products  of  McDonnell  ingenuity, 
the  FlOl  Voodoo,  will  soon  join  the  arsenal  of  the 
U.  S.  Air  Force. 

McDonnell  engineering  planners  arc  constantly 
alert  to  new  materials,  new  equipment  and  new 
techniques.  A  Flight  Test  Hanger,  Propulsion  Lab- 
oratory, Altitude  Test  Chamber  and  Wind  Tunnel 
are  recent  additions  to  our  engineering  facilities.  W'c 
are  also  interested  in  new  engineering  talent — men 
who  can  contribute  original  thinking — engineers  with 
a  new  approach. 

If  you're  lookins;  for  our  type  of  engineerina; — 
we're  looking  for  you.  Check  your  Placement 
Office  for  dates  when  the  McDonnell  rep- 
resentative will  visit  your  school.  Ask  him 
about  tlie  Mc:Donnell  Graduate  Study 
Plan.  You  may  also  write  to: 

Technical  Placement  Supervisor 
Box  .516,  St.  Louis  3.  Missoi'ri 


KOBBIK  S.  SHARRAH 
\s■.l^t^nt  Cliict  Dynamics  Engineer  —  Missile  Engineering  Division 

B..S.A.E.  Iowa  State  College  '45 
M..S.  .\PPLIED  Mechanics  Washington  University  "52 

Pictured  in  front  of  our  RE.'KC  installation. 
Bob  Sharrah  exemplifies  the  type  of  pio- 
neering spirit  essential  in  missile  engineer- 
ing. He  developed  a  new  and  useful 
approach  to  the  problems  of  stability  of 
guided  missile  control  systems  as  influenced 
by  aeroelastic  effects.  At  twenty-eight. 
Bob  also  points  up  the  youthfulness  •  of 
M.A.C.s  engineering  management. 

If  your  interests  lie  in  the  field  of  missile 
development,  a  challenging  career  awaits 
you  at  McDonnell.  We  need  more  young 
engineers  like  Bol)  Sharrah — engineers  with 
a  new  approach. 


BUILD  YOUR  FUTURE  WITH   A  COMPANY 


YOUNG  IN  YEARS,  YOUNG  IN  SPIRIT  AND  IDEAS 
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l('rcl\  liisassemblc-s  ami  reassembles  the- 
iiitN.  In  other  cases,  he  accompanies  the 
iquipiiieiit  on  trial  runs  or  field  tests. 
'hese  experiences  give  a  "practical" 
itisfaction  to  those  who  like  to  feel  that 
ley   are   not   just    "theoretical"   wriers. 

Anoher  attractive  feature  of  the  Fub- 
cations  Engineer's  work  lies  in  tlu- 
ariety  of  contacts  which  he  makes  in 
le  course  of  the  development  and  ap- 
roval   of   a   publication.    Fig.    4   shows 

typical  "life  story"  of  an  instruction 
Dok  prepared  for  the  Armed  Services, 
"he  underlining  in  the  diagram  gives 
11  indication  of  the  many  individuals 
inceriieil  in  the  preparation  or  appro\ - 
I  of  the  publication  prior  to  its  final 
ririting;  the  Publications  Engineer 
'orks  constantU  with  all  of  those 
lown. 

The  Future  jar  Publications 
Engineers 

\()ung  engineers  often  raise  the  qiies- 
on  as  to  the  futme  of  Technical  Writ- 
ig  or  Publications  Engineering.  There 
re  several  factors  which  appear  to  be  of 
nportance  in  attempting  to  predict  the 
iture — but  to  the  auhor  they  all  look 
ivorable  toward  increasing  opportunity 
)r  this  new  profession.  First,  the  com- 
lexity  of  equipment  and  systems  cer- 
linh'  will  continue  to  increase;  auto- 
latic  control  is  the  iitiniate  goal  of 
earl\-  all  future  instrumentation,  and 
■ith  such  control  always  comes  increased 
•chnical  complexity.  With  increasing 
jmplexity  there  is  greater  need  for  more 
jmplete  instructional  material.  As  one 
isociate  put  it,  "the  equipment  becomes 
lore  complex  but  the  intelligence  of  the 
I'erage  user  remains  the  same."  Second, 
ranted  that  complexity  will  increase, 
lere  is  the  immediate  following  con- 
ition  that  the  equipment  will  be  much 
lore  costly  and  must  be  repaired  rather 
lan  replaced.  This  adds  again  to  the 
eed  for  publications  which  will  be  ade- 
uate  for  the  purpose.  The  funds  alhi- 
ited  for  publications  will  necessariK 
icrease,  but  will  still  be  a  very  small 
srtion  of  the  total  cost  of  the  equip- 
lent.  Third,  if  the  caliber  of  engineer- 
ig  graduates  coming  into  Publications 
ngineering  is  maintained  or  raised, 
lere  will  be  a  broadening  in  the  scope 
f  their  work  since  they  themselves  will 
evelop  opportunities  for  using  their 
lecial  skill  to  supplement  the  work  of 
ther  engineers.  This  is  a  very  important 
'sponsibility  in  any  new  profession — to 
evelop  and  broaden  the  particular  skills 
i\d  to  offer  them  to  others. 

Conclusion 

Publications  Engineering  is  a  iu-\v 
rofession  which  has  grown  rapidly  in 
ic  past  few  years  because  of  the  in- 
reasing  complexity  of  equipment  and 
le  inability  of  the  research  and  de\el- 
pment  engineers  to  undertake  the  e\- 
■nsive   writing    projects    which    became 


SOURCES  OF  INFORMATION 


CUSTOMER   RE- 
QUIREMENTS  AND 
SPECIFICATIONS 


PREVIOUS  PUB- 
LICATIONS (IF 
ANY) 


ENGINEERS  AND 
OTHER  TECHNIC- 
AL PERSONNEL 
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g      PUBLICATIONS  ENGINEER'S  DUTIES 


ANALYZES  AND  PLANS  PROJECT,  GATHERS  INFORMATION 


MAIN  lAINS  CLOSE  LIAISON  WITH  SOURCES  AND  REVIEWERS 

WHILE  WRITING  FIRST  ROUGH  DRAFT  AND  DIRECTING 

PHOTOGRAPHERS,    ILLUSTRATORS.    AND  TYPISTS 


FIRST  ROUGH  DRAFT  ROUTED  TO 


ENGINEERS 


(FOR  ACCUR- 
ACY CHECK) 


FIELD  ENGI- 


NEERS AND  MAIN- 


TENANCE PERSON- 


NEL (FOR  PRAC- 
TICABILITY CHECK) 


PATENT  ATTOR- 


NEYS  (FOR  PAT- 
ENTABILITY AND 
INFRINGEMENT 
CHECK) 


SALES  AND 


ADVERTISING 
PERSONNEL 
(FOR  COMPANY 
POLICY  CHECK) 


REVISES  ROUGH  DRAFT  TO  INCORPORATE  COMMENTS  AND  CORREC- 
TIONS FROM  ALL  REVIEWERS  WHILE  CONTINUING  TO  DIRECT 
PHOTOGRAPHERS,    ILLUSTRATORS,    AND  TYPISTS 


"FINAL"   DRAFT   TO  CUSTOMER  FOR  COMMENTS  AND  APPROVAL 


LAYS  OUT  REPRODUCIBLE  COPY  FROM  APPROVED  ROUGH  DRAFT 
WHILE  DIRECTING  TYPISTS  AND  TYPESETTERS 


REPRODUCIBLE  ROUGH  DRAFT   TO  CUSTOMER  FOR  APPROVAL 


ARRANGES  REPRODUCIBLE  COPY   FOR  TRANSMITTAL   TO  PRINTER 


j        CHECKS   PRINTED  MANUAL  FOR  CORREC TNESS  AND  APPEARANCE      [ 

Fig.  4— Publications  engineer  gains  broad  knowledge  of  product,  its  en- 
gineering, manufacture,  and  application.  Persons  with  whom  he  consults 
directly  are  underscored  in  this  diagram  of  manual's  life  cycle. 


necessary. 

The  Publications  Engineer  must  have 
a  sound  engineering  education  and  must 
possess  writing  aptitude — although  it  is 
pointed  out  that  tlie  possession  of  this 
aptitude  may  not  be  leali/ed  by  ni;ui\ 
\(>ung  engineers. 

The  Publications  Engineer  de\el(ips 
a  knowledge  of  the  reproduction  and 
printing  processes,  and  can  guide  the 
publication  through  all  of  its  stages  from 
rough  draft  to  its  printed  form. 

The  variety  of  work  assignments  and 
personal  contacts  appeal  greatly  to  cer- 
tain engineering  graduates.  Some  of  the 
writing  arrangements  cover  theoretical 
aspects,   others   are   along  practical    lines 


where  the  writer  works  closely  with  the 
equipment  in  the  factory  or  in  the  field. 

The  "personal-satisfaction"  factor  is 
quite  high  for  the  Publications  Engineer 
since  his  assignments  are  usually  of  short 
duration,  compared  to  those  of  the  en- 
gineer, and  he  "sees"  the  final  results 
(il  his  labois  at  more  frequent  mtervals. 

Finalh,  the  future  of  this  new  pro- 
fession looks  promising  because  of  the 
trend  towards  more  complex  equipment 
and  the  accompanying  requirements  for 
more  complete  haiulbook  and  engineering 
report  coverage.  The  future  also  depends 
upon  the  efforts  which  Publications  En- 
gineers make  to  find  new  areas  of  service 
to   the   engineering   profession. 
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the  helicopter  was  thought  to  be  a  "stunt"  machine 
—  amazing  and  amusing,  and  not  particularly  im- 
l^ortant.  Events  in  Korea  changed  that  idea  —  fast! 
This  fledgling  among  aircraft  performed  "impos- 
sible" military  assignments,  spectacularly  successful 
missions  of  mercy.  Helicopters  came  into  their  own. 


Now  in  demand  for  hundreds 
of  jobs,  today's  most  versatile 
flying  machine  is  the  product 
of  ceaseless  testing,  highest- 
calibre  engineering,  work  and 
imagination. 


In  1939,  the  VS-300  with  Igor 
Sikorsky  at  the  controls  made 
the  first  practical  helicopter 
flight  in  the  United  States. 
Hundreds  of  later  Sikorsky's 
were  delivered  for  service  in 
World  War  U. 


You  might  find  —  in  Sikorsky  Aircraft's 
research  departments,  drafting  rooms, 
engineering  laboratories  —  a  lifetime  op- 
portunity in  this  young,  growing  and  most 
interesting  field  of  aviation.  Write  today  to 
R.  C.  Banks,  Personnel  Department. 


Future  Sikorsky's  will  be  built 
by  tomorrow's  engineers.  Per- 
haps you  belong  at  Sikorsky 
where  your  skill  and  ability 
will  be  continually  challenged. 


IKORSKY 


Sikorsky  Aircraft,  one  of  the  four  divisions  of  United  Aircraft  Corporation,  Sooth  Avenue,  Bridgeport  1,  Conn. 
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SAVANNAH  RIVER 
PROJECT 


•    •    • 


by  Sandra  Rains,   E.  Physics  '57 


In  late  1930  the  AEC  (Atomic  Kii- 
ergy  Commiss;on)  first  made  public  its 
plans  for  building  the  United  States' 
largest  nuclear  energy  installation.  The 
plasit,  which  was  to  be  called  the  Sa- 
vannah River  Project,  was  to  be  con- 
structed  neai'  Aiken,   South  Carolina. 


Temporary     headquarters    building 
of  the  Savannah  River  Project. 

The  site  chosen  for  the  project  is  in 
a  rural  part  of  South  Carolina.  A  sec- 
tion of  land  twenty  miles  square  con- 
taining approximately  315  square  miles 
was  bought  b\'  the  government.  The 
6000  people  who  lived  here  were  e\  acu- 
ated  immediately.  With  the  exception 
of  the  800  people  who  lived  in  Ellen- 
ton  and  Dunbarton,  all  of  the  people 
had  to  leave  farms  which  had  been  in 
their  families  for  generations.  This  par- 
ticular site  was  chosen  because  it  met 
all  technical  and  defense  requirements, 
notably  for  space  and  seclusion. 

Most  of  the  land  was  heavily  wooded 
and  hilly,  so  the  first  job  was  to  clear 

This  was  the  initial  step  in  the  big- 
jest  construction  job  since  the  Panama 
Canal.  In  fact,  this  is  the  biggest  in- 
dustrial project  e\cr  undertaken  from 
icratch. 

The  plant  which  was  to  be  built  here 
ivas  not,  presumabh,  to  be  a  location 
for     the     manufacturing     of     h\drogen 
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bombs.  It  is  supposed  to  turn  out  the 
materials  which  can  be  utilized  for 
bombs  elsewhere.  However,  since  the  ex- 
perimental explosion  of  a  hydrogen  bomb 
in  Kniwetok  last  November,  there  has 
been  little  doubt  m  most  peoples'  minds 
that  the  principle  business  at  SRP  will 
be  the  manufacturing  of  hydrogen 
bombs.  This  will  include  th?  making  of 
triple-weight  hydrogen  called  tritium, 
which  now  has  to  be  recreated  since  it 
no  longer  exists  in  nature.  The  AEC  is 
being  very  careful  to  assure  the  people 
of  the  three  counties  involved  in  the 
SRP  that  they  are  in  no  danger.  One 
h\drogen  bomb  could  wipe  out  MM) 
square   miles. 

E.  I.  du  Pont  de  Xeniours  i^"  Com- 
pany have  the  go\ernment  contract  for 
the  plant.  They  started  work  Januarv 
II,  19S1.  In  only  the  last  few  months 
has  work  progressed  enough  to  be  con- 
fidential. Now  it  is  almost  impossible 
tci  get  inside  the  section.  Credentials  are 
checked  at  every  stop,  and  there  are 
many  different  projects  scattered  over 
the  section  which  no  one  is  allowed  near. 
From  a  distance,  all  that  can  be  seen 
are  tall  steel  structures.  The  one  build- 
ing that  can  be  entered  is  a  starfish- 
shaped  construction  v.'hich  is  the  tempor- 
ary administration  building.  Cameras, 
field  glasses,  alcoholic  beverages,  and 
other  things  of  this  type  are  banned  from 
the  site.  As  work  progresses  further,  the 
security  veil  will  be  drawn  even  tighter. 
The  government  remembers  how  our 
atomic  secrets  were  stolen,  and  they  do 
not  mean  for  that  to  happen  again. 

The  exact  nature  of  the  work  at  SRP 
is  not  known.  The  estimated  total  cost 
for  the  whole  operation  is  $1,300,000.- 
000.  The  onh'  other  information  which 
has  been  disclosed  is  the  amount  of  sup- 
plies which  will  be  required  to  finish 
the  project.  They  will  use  75,000,000 
board  feet  of  lumber,  1,250,000  cubic 
\ards  of  concrete,  85,000  tons  of  rein- 
forcing steel,  and  23,000  tons  of  struct- 


ural steel.  TIh-\  are  exca\  ating  20,000,- 
000  cubic  >ards  of  earth,  drilling  60 
drinking  wells,  stringing  95  miles  of 
electric  lines,  laying  66  miles  of  rail- 
road track,  constructing  105  miles  of 
new  roads,  and  building  250  factory, 
laboratory,  office,  and  other  buildings. 
Six  thousand,  three  hundred  trucks  and 
other  \ehicals  are  being  used  dailw  .'\fter 
tlie   pl.-mt   is  in   opei-.itioii,  o\ei'  a   billion 
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gallons  of  water  a  da\-  will  be  taken 
from  the  Savannah  River  for  use  in 
some  of  the  operations. 

The  AEC  owns  all  SRP  lands  ami 
buildings  and  has  control  of  the  over- 
all policies,  but  the  construction,  op- 
eration, and  design  of  the  project  is 
left  completely  up  to  the  Du  Pont  Com- 
pany. Du  Pont  is  handling  most  of  the 
major  portion  of  the  work  itself,  but 
certain  specialty  jobs,  such  as  highway 
and  railroad  construction,  have  been 
sub-contracted. 

A  small  staff  of  AEC  officials  has 
been  stationetl  at  the  project  site  to 
keep  check  on  standards  and  costs.  They 
also  act  as  liason  between  the  Du  Pont 
Company  and  Government  agencies. 
Their  main  job,  however,  is  to  see  that 
the  project  progresses  according  to 
schedule. 

Total  employment  for  the  construc- 
tion of  the  plant  has  reached  43,000 
men.  After  the  plant  is  completed  it 
will  require  a  staff  of  7,500  to  main- 
tain it.  In  September  of  1953,  the  week- 
ly payroll  of  all  employees  has  reached 
$3,000, 00(1,  making  the  yearly  payroll 
about    $150,0110,000.    It    is    hoped    that 


TerTiporary   worker   housing  for  SRP 
construction  crews. 
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Map  of  Savannah  River  Project. 


after  the  plant  is  completed,   the  annu:ii 
pavroU   will    be   $30,()()(),()(:i(l. 

With  the  45,000  men  employed  ha\e 
come  their  families,  so  that  over  120,001) 
people  have  invaded  this  small  com- 
munity in  the  last  two  years.  About 
30'r  of  the  people  employed  are  from 
outside  South  Carolina  and  Cjeorgia. 
The  AEC  decided  it  would  be  best  not 
to  establish  a  government  town  as  the\ 
had  at  (^ak  Ridge,  because  the  diffi- 
culties were  thought  to  be  dispropoi- 
tionally  large  in  relation  to  the  small 
part  the  towns  played  in  furthuriiii; 
atomic  research.  It  was  to  be  left  tn 
private  enterprise  in  the  Aiken-Augusta 
area  to  furnish  food  and  lodging  for  the 
workers.  As  a  result,  this  sleep\  part 
of  the  country  has  been  completeK 
changed.  The  population  has  almost 
doubled,  while  the  mone\  in  the  local 
banks  has  increased  by  about  one-thinl. 
Over  7,000  trailers  dot  the  countr\ 
side,  and  pre-fabricated  houses  sprin;^ 
up  over  night.  Hotel  reservations  mu^r 
be  made  at  least  ten  days  in  advance. 
The  schools  and  hospitals  are  becoming 
increasingly  overcrowded,  and  the  water 
and  sewage  systems  have  not  proved 
capable  of  accommodating  this  huge  in- 
crease in  population.  It  is  felt  by  a 
large  number  of  people  that  it  would 
have  been  wiser  to  have  established  a 
government  town.  They  have  asked  the 
government  for  aid,  and  have  received 
some  help,  but  certainly  not  a  sufficient 


amount.  The  AEC  has  tried  to  hire 
civic-minded  people  in  theii'  permanent 
staff,  so  in  many  wa\s  the  li\ing  con- 
ditions ha\e  been   bettered. 

There  is  only  one  large  town  near 
the  site,  and  this  is  Atlanta,  Cieorgia. 
However,  they  ha\e  not  been  largely 
affected    by   the   plant   due   to   the   ri\er 


vep.ir.dnig  them  from  South  Carolina. 
Theie  is  no  bridge  in  a  place  to  make 
lommuting  satisfactory.  Before  the  plans 
lor  the  plant  were  announced,  a  bridge 
was  being  planned  ;  but  now  the  ad\isa- 
bilit\-  of  such  a  ^trllcture  is  being  de- 
bated. 

Work  cjn  the  SRP  is  divided  into  two 
m-ru-r.il  phases;  the  construction  of  the 
lactones  and  the  operation  of  the  plant 
.liter  the  manufacturing  of  atomic  ma- 
terial starts.  These  two  phases  overlap 
considerably.  The  emplovnient  of  the 
permanent  staff  was  started  in  the  mid- 
dle of  1952  when  construction  employ- 
ment was  at  its  peak.  Even  after  the 
main  construction  is  finished  and  the 
plant  is  in  operation,  .some  construction 
will  continue,  meaning  that  there  will 
he  a  permanent  construction  crew,  as 
well  as  operating  staff. 

Although  excellent  wages  and  good 
working  conditions  have  prevailed,  the 
I)u  Pont  Company  has  had  much  diffi- 
culty in  hiring  workers.  Liberal  training 
programs  and  a  nine-hoiu'  day  and  a 
fi\e-da\'  week  are  offered.  Also,  a  good 
safety  program,  one  thing  in  which  the 
Du  Pont  Company  is  outstanding,  is 
in  effect.  Many  people  have  not  been 
hired  because  of  health  and  security 
reasons,  and  racial  discrimination  has 
been  another  major  problem.  There  has 
been  a  serious  shortage  of  qualified  en- 
gineers, skilled  laborers,  and  clerical 
help. 

The  L  nited  States  now  has  in  their 
possession  the  largest  hydrogen  bomb 
plant  in  the  world.  Through  the  com- 
bined efforts  of  the  Atomic  Energy 
Commission  and  the  Du  Pont  Company, 
pro^iiises  to  be  one  of  the  most  success- 
ful  ventures  of  modern   times. 


Part  of  the  stream  of  workers'  autos 
construction   phase. 


entering  the  project  area  during  its 
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Engineers   Today  — 
Executives   Tomorrow 


by  Wilbert  Stoecker 


Thirty-five  years  after  receiving  his 
degree  in  electrical  engineering  from  the 
University  of  Illinois,  Clifford  Hood  be- 
came president  of  Carnegie-Illinois  Steel 
Company  and  vice-president  of  opera- 
tions of  United  States  Steel  Company. 

Hood's  slide  rule  now  lies  buried 
somewhere  beneath  inter-office  com- 
munications,   business    statistics    and    re- 
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poits  Out  out  of  every  three  of  Hood's 
fellow  graduates  in  engineering  like- 
wise has  progressed  to  a  position  of  man- 
at;enient. 

Most  of  the  courses  that  the  engineer 
I  takes  in  college  train  him  to  be  an  engi- 
jneer — not  a  manager  whose  concern  is 
iprimarily  with  human  problems.  Look- 
'ing  forward  to  the  time  when  he  will 
sit  behind  a  manager's  desk,  the  student 
in  engineering  can  begin  his  study  of 
liunian  relations  by  the  choice  he  makes 
m  his  non-technical  electives. 

About  thirty  per  cent  of  all  engineers 
:iif  in  administration  and  management 
ucording  to  "Employment  Outlook  for 
l.iigineers,"  a  1948  bulletin  of  the 
I  nited  States  Bureau  of  Labor  Statis- 
|tics.  The  percentages  of  some  of  the 
'branches  of  engineering  in  administra- 
[tion  are  as  follows:  Chemical,  29.1  ; 
Electrical,  28.4;  Mining,  41.6;  and  Me- 
chanical, 32.0.  Civil  engineers  have  con- 
tributed the  greatest  percentage  of  su- 
pervisors with  47.5  percent  in  manage- 
:iient.  This  percentage  includes  the  18 
per  cent  of  the  civils  who  are  supervis- 
ing construction. 

1  As  if  these  figures  are  not  impressive 
j'nough,  the  census-takers  confessed  that 
[they  had  no  way  of  knowing  how  mam 


men,  trained  as  engineers,  listed  tlieiii- 
selves  as  vice-presidents,  executives  aiui 
managers. 

More  than  four  hundred  of  the  top 
nine  hundred  executives  in  the  countr\ 
studied  engineering  or  science  in  college, 
according  to  a  1952  survey  made  by 
Fortune  Magazine.  These  men  earn  an 
average  salary  of  $7(1,000  to  $80,000  a 
year.  Fortune  says:  "Many  of  the  big 
companies  have  become  too  vast  for  a 
specialist  in  law  or  finance  or  engineer- 
ing to  manage.  Men  in  these  fields  have 
reached  the  top.  .  .  .  because  they  pos- 
sessed a  broad  view  of  the  companies  ac- 
tivities, and  an  ability  to  get  along  with 
people." 

It  took  Clifford  Strike  just  seven 
years  after  he  was  graduated  from  the 
University  of  Illinois  in  mechanical  en- 
gineering to  become  vice-president  of  a 
construction  company.  Today,  Strike  is 
president  of  F.  H.  McGraw  Company, 
international  constructors  and  engineers. 
His  company  handles  some  of  the  larg- 
est construction  projects  in  the  world. 
Because  each  company  has  only  about 
one  president,  all  engineers  can't  be 
presidents    like    Strike    and    Hood.    But 


Clifford    Strike,    president    of    F.    H. 
McGraw   Company. 

ti\ities,  reports  the  Bureau  of  Labor 
Statistics.  \o  doubt  these  men  hold  ad- 
ministrative positions  primarily  because 
they  have  had  technical  training.  Never- 
theless, their  chief  concern  gradually  be- 
comes people,  rather  than  things.  These 
engineers-  turned  -  administrators  must 
now  get  things  done — not  b\  doing  the 
work  themseKes,  but  b\  having  others 
do  it. 

What  can  the  engineering  student  do 
while  in  college  to  prepare  himself  for 
possible  managerial  duties?  He  can 
choo;e  his  electives  from  the  humanities 
and  social  sciences,  and  thus  he  can  in- 
crease his  consciousness  of  human  na- 
ture. 

A  knowledge  of  human  problems  is 
a  must  for  managers,  according  to  Clar- 
ence Randall,  chairman  of  Inland  Steel 
Company.  He  says,  "To  be  worth\-  of 
management  responsibility  today,  a  man 
must  have  insight  into  the  human  heart, 
for  unless  he  has  an  awareness  of  human 
problems,  a  .sensitivity  toward  the  hopes 
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there  are  main  administrative  jobs  at 
all  levels,  such  as  project  leaders  and 
foremen,  which  require  some  of  the 
same  qualities  needed  by  the  president 
and  vice-presidents. 

In  each  succeeding  year  after  a  class 
graduates,  more  antl  more  of  its  engi- 
neers join  the  supervisory  ranks.  Engi- 
neering graduates  of  the  L  niversity  of 
California  reported  that  the  longer  the\ 
ha\e  been  out  of  school,  the  greater  is 
the  likelihood  that  they  are  administra- 
tors. Table  I  shows  this  progressi\e  in- 
crease in   admimstrators. 

Almost  all  of  the  engineers  who  are 
in  administration  supervise  technical   ac- 
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Clifford    Hood,    Electrical    Engineer- 
ing,   1915. 

and  aspirations  of  those  whom  he  super- 
vises, and  a  capacity  ot  aiilysis  of  the 
emotional  forces  which  motivate  their 
conduct,  the  projects  entrusted  to  him 
will  not  get  ahead  no  matter  how  often 
wages  are  raised." 

The  social  sciences  offer  an  excellent 
opportunity  for  a  systematic  study  of 
human  beings  and  their  emotions.  So- 
ciology is  the  study  of  group  behavior, 
whereas  psychology  concerns  itself  pri- 
marily with  the  individual.  A  good 
course  in  history  will  necessarily  exam- 


ine the  belia\  ior  of  groups  as  well  as  in- 
<ii\iduals.  V  ou  cannot  study  histor\ 
uithout  realizing  that  social  changes  are 
.il\\.i\^  taking  place.  Thus  you  become 
alerted  to  shifts  in  moral  and  social 
standards  that  are  going  on  around  \ou. 

Literature  courses  can  be  beneficial 
electives.  Often  literature  is  good  be- 
cause the  author  has  a  keen  insight  into 
iium;ui  nature.  .A  good  autl'.or  can  cap- 
ture the  ^pl|■it  ol  his  time,  and  the  IkhiL 
becomes  popidar  because  it  e\press;.'S  the 
sentiments  of  a  large  body  of  readers. 
The  arts  have  their  place  in  stimulating 
a  richer  enjo\inent  of  life,  but  they  arc 
not  ordinarily  ,111  aid  in  professional  ad- 
\anceni -nt. 

VV'ithin  the  College  of  Kngineering 
there  are  several  courses,  officially  clas- 
sified as  non-technical  electives,  which 
study  human  relations  in  industrial  situ- 
ations. These  courses  deal  with  the  oper- 
ation of  a  company  and  the  supervision 
of  its  workers. 

In  se\eral  of  the  engineering  curricu- 
lums  at  Illinois,  the  stuent  can  choose 
between  a  technical  or  a  non-technical 
elective.  Probably  those  who  would  pro- 
fit most  from  an  L.A.S.  course  prefer 
to  stay  on  familiar,  technical  ground. 
Even  when  a  non-technical  course  is 
prescribed,  soir.e  students  take  an  L.A.S. 
course  in  a  physical  science  for  fear  that 
any  subject  which  does  not  involve  math- 


ematics will   poison  the  nund. 

\'ou  need  not  expect  any  miracles  to 
happen  after  vou  ha\ c  taken  se\eral 
courses  in  the  >ocial  sciences.  These 
coLU'.ses  are  hut  a  step  in  heightening 
your  awareness  ot  Ininiaii  problems  and 
emotions. 

Many  well-meaning  people  have  said 
that  engineers  should  solve  human  prob- 
lems with  the  same  logical  approach  that 
they  use  in  engineering.  The  fact  is  that 
the  ability  to  analyze  the  stresses  in  a 
column  or  beam  does  no  necessarily 
equip  an  engineer  to  settle  a  thorny  dis- 
pute in  his  plant.  Human  beings  will 
often  be  controlleil  by  prejudices  and 
sentiments;  therefore,  the  engineer  must 
always  be  conscious  of  the  emotions  of 
the  people  with  whom  he  works. 


"Now  then,  Johnny,"  said  the  teach- 
er, "I  want  to  give  you  a  little  problem. 
Suppose  there  were  five  children  and 
their  mother  had  only  four  potatoes  to 
share  between  them.  She  wants  to  give 
each  child  an  equal  share.  Mow  would 
she  do  it?" 

"ALash  'em,"  said  the  boy. 

"I  was  so  cold  last  night  I  couldn't 
sleep." 

"And  did  your  teeth  chatter?" 
"I    don't   know.    We   don't  sleep   to- 
gether." 


One  for  every  place — 
One  place  to  get  them  all. . . 


Out  on  the  job  .  .  .  irrespective  of  your  engineering  role 
.  .  .  you'll  be  coming  to  grips  with  the  problem  of  elimi- 
nating wasteful  friction. 

You  can  look  to  aDS[F  for  the  practical  solution  to  anti- 
friction bearing  problems. 

fflCoP"  makes  all  of  these  eight  types  of  bearings  which 
serve  virtually  every  equipment  need.  Rely  on  SilSI?'  for 
putting  the  right  bearing  in  the  right  place.  m? 

aKP"  INDUSTRIES,  INC.,  PHILADELPHIA  32,  PA. 
—  manufacturers  of  skf  and  hess-bright  bearings. 


DEMINERALIZERS 

Provide 

High-test,  Mineral-free 
WATER 


Per  Thousand  Gallons 


Barnstcad  Dtminer.ili2trs  increase 
production,  reduce  rejects,  and  insure 
better  product  control.  Barnstead  De- 
mineralizers  produce  high- 
test,  mineral-free  water  for  as 
ittle  as  5c  per  1000  gallons, 
with  a  minimum  of  supervi- 
sion and  ni.iintenance. 


J 


-tr 


45  Lanesville  Terrace 

Forest  Hills 

Boston  31,  Mass, 
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Adventures 


111 


Research 


THIS  NEW  FLASH  POINT  TESTING  MACHINE  is  so  accurate  that  a 
sample  with  as  little  as  1/10  of  1%  unsafe  material  in  it  will  cause 
a  rejection.  Recently  developed  by  Standard  Oil's  Engineering 
Research  Department,  this  revolutionary  device  reduces  the 
average  time  from  20  minutes  for  a  flash  test  to  two  and  a  half 
minutes,  avoids  human  errors  in  testing  flash  point,  can  be  used 
right  at  the  loading  rack. 


The  flash  point  testing  problem  that  was 
solved  with  the  machine  shown  above  is 
only  one  of  the  many  problems  presented 
to  Standard  Oil's  new  and  growing  Engi- 
neering Research  Department. 

In  the  last  few  years,  it  has  developed 
and  put  into  operation  instruments  to 
measure  vapor  pressure,  158°  point,  acid- 
ity and  viscosity.  Ultrasonic  generators 
have  been  built  for  general  use  in  provid- 
ing energy  for  experimental  purposes. 
The  department  is  studying  application 
of  radioactive  isotopes  to  instrumenta- 
tion and  control  problems  related  to  re- 
finery operation. 

One  of  our  research  divisions  is  carry- 
ing out  an  extensive  theoretical  study 


of  stresses  in  pressure  vessels  having  flat, 
conical,  hemispherical,  toriconical  or  tor- 
ispherical  heads. 

In  our  work  on  product  evaluation,  we 
have  developed  a  new  test  for  quenching 
oils  based  on  the  fundamental  heat 
transfer  relationships  involved. 

Problems  such  as  these  are  the  daily 
fare  of  Standard  Oil's  Engineering  Re- 
search Department.  Here  is  a  challeng- 
ing opportunity  for  young  men  with 
advanced  training  in  chemistry  and 
engineering.  Many  and  varied  problems 
continually  arise  in  the  design,  construc- 
tion and  operation  of  petroleum  industry 
equipment. 


Standard  Oil  Company 

910  South  Michigan  Avenue,  Chicago  80,  Illinois 
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|)l;istic  dishes  from  wilting  in  the  hottt-st 
automatic  liishwasher.  Dr.  C  CI.  Suits, 
G-E  vice  president  and  director  of  re- 
search, has  stated. 

The  newly  found  method  for  "cur- 
ing" plastics  cross-links  long,  chain-like 
molecules  called  poylmers  which  make 
up  these  plastics.  A  few  second's  bom- 
bardment with  electrons  from  a  million- 
volt  \-ra\  machine  makes  polythelene 
bottles  stand  up  under  steam-steriliza- 
tion. This  toughening  permits  more 
widesjiread  use  of  these  containers  for 
packaging  and  storing  pharmaceuticals 
and  biological  fhiids.  The  latter  include 
blood  splasma,  wbicii  formerly  could  be 
c.irried    only    in    bulky,    easily   sterilized 


Pint-Sized  Atom  Pile 

A  pint-sized  atcjnuc  pile.  "little  broth- 
ei"  to  the  big  ones  used  to  make  pluto- 
nium  for  atomic  bombs,  has  been  placed 
in  operation  as  a  research  tool  at  the 
Knolls  Atomic  Power  Laboratory,  Sche- 
nectady, N.  Y.,  which  is  operated  by 
the  General  Electric  Company  for  the 
Atomic  Energy  Commission. 

The  new  low-power  nuclear  reactor, 
in  contrast  to  huge  reactors  at  the  com- 
pan\'s    Han  ford    Works,     Richland, 


by  Chuck  Foley,  M.E.  '55 


Ball  Bearing  Retainers 

Precision  bearings  capable  of  attain- 
ing speeds  in  excess  of  100,t)(l(t  riwi 
are  now  possible  through  the  use  of 
thermosetting  laminated  plastics.  As 
manufactured  and  fabricated  by  Syn- 
thane  Corporation  of  Pennsylvania,  re- 
tainers for  machine  tools,  grinding  spin- 
dles, turbine  and  supercharger  blowers, 
and  aircraft  instruments  can  be  ma- 
chined within  the  tolerances  required 
for  precision  and  super-precision  bear- 
ings. 

The  comparative  light  weight  of  lam- 
inated plastics  provide  bearing  design- 
ers with  a  number  of  advantages  over 
metals.  Due  to  the  smaller  masses  in- 
volved, centrifugal  forces  resulting  from 
extremely  high  speeds  are  reduced,  and 
as  a  consequence,  there  is  less  friction 
and  wear  against  adjacent  metal  sur- 
faces. I^aminates,  while  virtually  ini- 
perviovis  to  oils  and  grea.ses,  do  absorb 
small  quantities  of  lubricant  during  ma- 
chining, and  therefore,  the  bearing  has 
self -lubricating   characteristics. 

Electron  Toughened  Containers 

The  electron,  already  one  of  man's 
most  versatile  servants,  now  can  tough- 
en flexible  plastic  containers  to  with- 
stand   steam    and    can    prevent    certain 
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Turning  Points  in  Jet  Engine  Design 


Designing  more  power  into  less  space 
.  .  .  a  trend  in  jet  engine  development 
.  .  .  puts  a  premium  on  space-weight 
saving  factors  as  well  as  performance. 
That's  one  reason  why  jet  engine  de- 
signers are  specifying  more  and  more 
Fafnir  Ball  Bearings  for  every  important 
turning  point  from  main  rotor  to  acces- 

AVAILABLE 

A  sound-motion  picture  depicting  high  points 
in  the  manufacture  and  use  of  Fafnir  Boll 
Bearings  is  available  to  engineering  classes. 
Write  to  The  Fofnir  Bearing  Company, 
New  Britain,  Conn.,  for  details. 


sories  and  gear  boxes.  Fafnir  Ball  Bear- 
ings save  space  and  weight  as  well  as 
meet  performance  requirements  estab- 
lished for  the  latest  type  jet  engines.  By 
keeping  in  step  with  aircraft  progress, 
Fafnir  continues  to  lead  in  the  produc- 
tion of  aircraft  bearings.  The  Fafnir 
Bearing  Company,  New  Britain,  Conn. 

FAFNIR 

BALL   BEARINGS 


MOST  COMPLETE 


LINE   IN  AMERICA 
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Wash.,  is  coiitaini'il  in  a  CLibe  of  graph- 
ite measuring  only  five  feet  on  a  side. 
Whik'  a  low-energy  reactor  of  this 
sort  cannot  be  used  for  making  plutoni- 
uni,  or  for  the  production  of  atomic 
power,  it  is  a  useful  source  of  the  atomic 
particles  called  neutrons,  which  can  be 
utilized  in  maju'  fields  of  fundamental 
research. 

Indoor  Electrical  Highway 

Klectronically-controlled  d\  namonie- 
ters  provide  an  indoor  highway  for  au- 
tomotive testing  at  the  Ford  Motor 
Company's  new  Research  and  Develop- 
ment Center,  Dearborn,  Michigan.  The 
ih  riamometers  were  built  by  Westing- 
house  Electric  Corporation. 

The  abilit\-  of  these  dynamometers 
,111(1  their  associated  equipment  to  simu- 
late many  road  conditions,  such  as  in- 
citia,  wind  resistance,  and  road  grades, 
has  made  it  possible  to  move  automotive 
proiing  grounds  indoors  for  many  tests. 

New  Hot  Strip  Mill 

A  new  66-inch  semi-continuous  hot 
strip  mill,  one  of  the  fastest  of  its  type 
in  the  world,  has  begun  operation  at  the 
Allenport,  Pa.,  Works  of  the  Pittsburgh 
Steel   Company. 

The  hot  strip  mill  is  part  of  a  $62,- 
,Sl)(l,000  e.xpansion  program  designed  to 


place  the  conipan\  in  the  flat-rolled 
products  market.  Pittsburgh  Steel  in  the 
past  has  been  known  primarily  as  a  pro- 
ducer of  ingots,  seamless-tube,  and  wire 
products. 

The  new  mill,  using  four  finishing 
stands,  has  a  rated  top  speed  of  1770 
feet  per  minute  and  is  expected  to  pro- 
duce 6( )(),()()()  tons  of  strip  and  sheet 
steel  annually.  Provisions  have  been 
made  to  accommodate  two  additional 
finishing  stands  in  the  future  which  will 
raise  the  mill's  speed  to  2230  feet  per 
niuiute. 

Rubber  Tired  Railroad 

A  rubbei'  tired  locomotive  and  freight 
car  combination  dubbed  and  capable  of 
economic  operation  over  pathless  desert 
sands  or  cheaply  constructed  roads  has 
been  unveiled  by  the  R.  G.  LeTourneau 
of    Longview,    Texas. 

The  heart  of  the  Tournatrain  is  an 
"electric  wheel,"  which  carries  a  large 
pneumatic  tire  and  has  within  its  rim 
an  electric  motor  and  gear  reduction. 
These  electric  wheels  are  being  built  in 
different  sizes  to  take  tires  from  5  to  10 
feet  in  diameter. 

Every  wheel  of  the  Tournatrain  is  a 
lubber  tired,  self  propelled  electric 
wheel.  The  electric  wheels  derive  their 
energy  from  the  locomotive  which 
mounts  diesel  engine  driven  electric  gen- 


erators. The  Tournatrain  engineer,  from 
his  cab  on  the  locomotive,  applies  power 
at  will  to  all  wheels  of  the  Tournatrain. 
In  this  way  each  freight  car  provides  pro- 
pulsion for  its  own  load — each  car  of 
the  Tournatrain  pushes  and  pulls  at  the 
same  time.  There  are  no  brake  shoes  to 
wear  out  because  the  same  electricit\' 
that  drives  the  wheel  can  be  used  to  hold 
it  back  going  down  hill.  Only  an  auto- 
matic spring  loaded  brake  is  provided 
for    emergency. 

Each  car  is  coupled  to  the  car  ahead 
of  it  in  such  a  way  that  it  follows  in 
the  same  tracks.  By  a  simple  automatic 
steering  device  the  path  of  the  locomo- 
tive is  duplicated  in  its  turn  by  each  of 
the  train  so  that  the  locomotive  can  pull 
up  to  a  street  intersecion  and  make  a 
right  angle  turn  and  every  car  will  come 
up  to  the  same  spot  and  make  the  same 
turn. 


Higgins:  I  don't  blame  you  for  being 
sore  at  McTavish  for  running  off  with 
your  wife." 

Biggins:  "It  isn't  that.  It  is  the  idea 
that  the  old  skinflint  had  to  wait  until 
I  bought  her  a  set  of  new  fal.se  teeth." 
*        *        * 

Small  boy  explaining  broken  window 
to  policeman:  "I  was  cleaning  my  sling- 
shot and  it  went  off." 
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The  Frick  Graduate  Ti 
ing,  operated  oi^er  . 


Then  you  should  see  this  n< 
on  Frick  "ECLIPSE"  compressors  .  .  . 
the  world's  finest  line  of  commercial 
and  industrial  refrigerating  machines. 
Full  range  of  sizes — from  two  to  nine 
interchangeable  cylinders  .  .  .  for  use 
with  all  standard  refrigerants.  Maintain 
any  temperature  from  140  degrees  below 
zero  to  80  degrees  above.  Over  70 
years'  experience  built  into  them.  Write 
today  on  your  firm's  letterhead  for 
Bulletin  lOO-F. 
ning  Course  in  Refrigeration  and  Air  Condition- 
a  growing  iruiustry. 


Here's  another  new  aid  to  precision 
production  from  Brown  &  Sharpe 
—  enables  you  to  specify  closer  toler- 
ances and  know  they're  practical. 
This  new  No.  955  Electronic  Caliper 
permits  production  gaging  in  units  from  .0001'  to 
.00001",  often  without  removing  work  from  machine  or 
fixture  ...  or  without  lifting  work  from  the  bench. 
Readings  are  taken  on  the  No.  950  Electronic  Amplifier. 
Four  interchangeable  jaws  provide  a  measuring  range 
from  0'  to  4  "  .  .  .  only  one  master  needed  for  each 
setting.  Aligning  attachment  also  available  to  facilitate 
measuring  long  work  pieces.  Write  for  the  new  illus- 
trated Bulletin.  Brown  &  Sharpe  Mfg.  Co.,  Providence 
1,  Rhode  Island,  U.  S.  A. 

Brown  i  Sharpe  H 
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T/mncH^  C^i<A4e  Helped       f  *•  ^  ♦! 
Me  Find  the  Work  I  Like" 

says  HUGH  C.  SELLS, 

Syracuse  University,  BS — 1942 
and  now  Manager,  Knoxville  District  Office 


"T  guess  I  was  like  many  graduating  en- 

X  gineers.  I  didn't  really  know  what  I 

wanted  to  do.  When  the  Allis-Chalmers 

representative  visited  the  campus,  and 


ELECTRONICS— Modem    way    to   dry 

sand  cores  is  with  Allis-Chalmers  Foundro- 
malic  Sand  Core  dryer.  Revolutionary  new 
process  dries  cores  in  minutes  instead  of 
hours. 


POWER — Neat,  compact  and  safe  switch- 
gear  installation  is  big  improvement  over 
open  framework  and  knife  switches  in  older 
installations. 


described  their  Graduate  Training  Course, 
it  sounded  like  the  type  of  postgraduate 
training  I  really  needed. 

"What  appealed  to  me  then — and  still 
does — is  the  broadness  of  the  program. 
Here  is  a  company  filling  a  unique  spot  in 
industry.  It  makes  important,  specialized 
equipment  for  almost  any  industry  you 
can  name." 

Wide  Choice  of  Activity 

"It's  like  a  big  department  store  for  in- 
dustry. But  that  isn't  all!  In  addition,  it 
offers  a  wide  choice  of  activity  within  each 
of  these  many  product  groups  . . .  whether 
it  be  sales,  design,  research  or  production. 

"After  getting  the  broad  look  at  indus- 


try the  program  offers,  my  interest  began 
centering  on  Service  and  Erection  of  large 
equipment.  This  led  me  into  many  depart- 
ments of  the  company,  and  I  learned  about 
everything  from  steam  turbines  to  sifters 
for  flour  mills." 

Valuable  Background 

"The  transition  from  service  to  sales 
was  natural.  The  background  of  service 
and  erection  work  proved  very  valuable. 

"So  you  see,  whether  you  think  you 
know  what  you  want  to  do  or  not,  the 
Allis-Chalmers  Graduate  Training  Course 
is  so  flexible,  so  broad  in  its  scope,  you 
ha\c  a  ical  chance  to  find  yourself  Best  of 
all,  you  don't  have  to  waste  time  doing  it." 


Facts  You  Should  Know  About  the 
Allis-Chalmers  Graduate  Training  Course 


1 .  It's  well  established,  having  been 
started  in  1904.  A  large  percentage  of 
the  management  group  are  graduates 
of  the  course. 

2.  The  course  offers  a  maximum  of  24 
months'  training.  Length  and  type  of 
training  is  individually  planned. 

3.  The  graduate  engineer  may  choose 
the  kind  of  work  he  wants  to  do:  design, 
engineering,  research,  production,  sales, 
erection,  service,  etc. 

4.  He  may  choose  the  kind  of  power, 
processing,  specialized  equipment  or 
industrial  apparatus  with  which  he  will 
work,  such  as:  steam  or  hydraulic, 
turbo-generators,  circuit  breakers,  unit 
substations,  transformers,  motors,  con- 
trol pumps,  kilns,  coolers,  rod  and  ball 


mills,  crushers,  vibrating  screens,  recti- 
fiers, induction  and  dielectric  heaters, 
grain  mills,  sifters,  etc. 

5.  He  will  have  individual  attention 
and  guidance  in  working  out  his  train- 
ing program. 

6.  The  program  has  as  its  objective  the 
right  job  for  the  right  man.  As  he  gets 
experience  in  different  training  loca- 
tions he  can  alter  his  course  of  training 
to  match  changing  interests. 

For  information  watch  for  the  Allis- 
Chalmers  representative  visiting  your 
campus,  or  call  an  Allis-Chalmers  dis- 
trict oflice.  or  write  Graduate  Training 
Section,  Allis-Chalmers,  Milwaukee  I, 
Wisconsin. 


ALLIS-CHALMERS 


Foundrom 

iiffiiiiiBgiiiiliiiinialii 


62 


THE  TECHNOGRAPH 


r-r^ 


ILLINOIS 
TECHNOGRAPH 


ANUAR Y  E  54 


25<t 


Only  STEEL  can  do  so  many  jobs  so  well 


If  you're  thinkins;  about  what  you're 
going  to  do  after  graduation  ....  if 
you're  interested  in  a  challenging, 
rewarding  position  with  a  progres- 
sive company  .  .  then  it  will  pay  you 
to  look  into  the  opportunities  with 
United  States  Steel.  Your  placement 
director  can  give  you  more  details, 
be  glad  to  send  you  the  in- 
formative booklet,  "Paths  of  Oppor- 
tunity." United  States  Steel  Corpo- 
ration. 525  William  Penn  Place, 
Pittsburgh  .'^O.  Pa. 


Landing  at  Sea.  wiu-n  a  lighter  pii^  i.uui.-, 

his  plane  on  a  flattop,  one  of  his  biggest  prob- 
lems is  stopping  the  plane.  To  help  him.  a  hook 
attached  near  the  plane's  tail  engages  one  of 
the  galvanized  wire  cables,  mounted  on  -spring 
brackets,  that  stretch  acrcss  the  deck.  The  re- 
siliency of  the  cable,  plus  the  bracket  action, 
helps  the  plane  to  stop  promptly  and  safely. 


Ready  to  Roll.  Trains  move  fa,ster  to- 
day, they  carry  heavier  loads,  they  cover 
longer  distances.  This  puts  a  premium 
on  durability  and  safety  in  the  wheels 
they  roll  on.  U.  S.  Steel  has  been  mak- 
ing wrought  steel  wheels  for  47  years, 
has  helped  to  bring  the  art  of  wheel- 
making  to  its  present  high  level. 


This  trade-mark  is  your  guide  to  quality  steel 


UNITED   STATES   STEEL 

For   further   inlormation   on   any   produrl    mentioned    in    tills   adiertisement.    write  United  Slates  Steel.  525  William  Penn  riinc.   I'lllshur^h  .W.  Pa. 
AMERICAN  BRIDGE  •   AMERICAN  STEEL  S.  WIRE  ond  CYCLONE  FENCE   •   COLUMBIA-GENEVA  STEEL  •  CONSOLIDATED   WESTERN   STEEL   ■   GERRARD  STEEL  STRAPPING    •   NATIONAL  TUBE 
OIL  WELL  SUPPLY    ■    TENNESSEE  COAL  S  IRON     ■    UNITED  STATES  STEEL  PRODUCTS    ■    UNITED  STATES  STEEL  SUPPLY     •    DiVisJons  of  UNITED  STATES  STEEL  CORPORATION,  PITTSBURGH 
UNITED  STATES  STEEL  HOMES,  INC.    •    UNION  SUPPLY  COMPANY    •    UNITED  STATES  STEEL   EXPORT  COMPANY    ■    UNIVERSAL  ATLAS  CEMENT  COMPANY  ■>-«9 
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our  cover 

The  engineer  often  sees  his  projects  and  achievements  only 
in  the  light  of  their  functional  operation.  However,  the  artist  can 
often  see  the  beauty  in  the  lines  and  curves  of  these  functional 
pieces.  Compare  the  cover  with  the  photo  on  page  16  and  you 
con  readily  see  how  the  artist  interpreted  the  grace  and  form 
of  the  refracting  towers.   This  cover   is   by  Dave  Templeton. 

our  frontispiece 

The  Cabinet  Gorge  hydroelectric  development  on  the  Clark 
Fork  River  in  northern  Idaho  was  completed  last  year  by  the 
Washington  Power  Company.  The  first  of  four  500-000-kw  gen- 
erating units  was  on  the  line  just  21  months  after  start  of 
construction  of  the  208-foot  high,  600-foot  long  dam.  (Cut 
courtesy  of  Westinghouse) 


#  Wallace  L.  Carr  was  graduated  from  the  Uni- 
versity of  Illinois  with  a  B.S.  degree  in  Electrical 
Engineering  in  1951.  After  a  short  time  with  a 
large  electric  utility — where  he  was  Junior  En- 
gineer in  substation  design — he  came  to  Allison 
where  he  is  presently  Electrical  Engineer  in  the 
plant  engineering  department.  Aircraft  Engine 
Operations. 

Wally's  job  in  this  department  varies  from 
designing  plant,  lighting,  and  power  layouts, 
and  machinery  electrical  diagrams  to  electrical 
and  instrumentation  layouts  of  turbo-jet  and 
prop-jet  test  cells.  With  a  multimeter,  he  is 
shown  above  checking  the  thermocouple  cir- 
cuits on  the  control  panel  in  one  of  the  Allison 
test  ceils. 


In  jet  cells,  it  is  necessary  to  simulate  all  en- 
gine controls  that  appear  in  a  jet  plane,  plus 
other  controls  which  are  necessary  to  check  and 
evaluate  engine  performance  .  . .  operating  tem- 
perature .  .  .  acceleration  .  .  .  speed  .  .  .  fuel 
consumption  .  .  .  oil  flow,  etc. 

Electronic  control  of  important  functions  of 
jet  engine  operation  has  made  the  electrical 
portion  of  test  cell  operation  a  complex  and 
fascinating  problem  for  the  Electrical  Engineer. 

Allison,  a  leader  in  the  field  of  turbine  en- 
gines, offers  unlimited  opportunities  to  young 
graduates  with  degrees  in  Mechanical  Engineer- 
ing, Electrical  Engineering,  Aeronautical  En- 
gineering and  Industrial  Engineering.  Why  not 
plan  early  for  vo//rengineeringcareer  at  Allison. 


For  further  information  about  YOUR  engineering  career  at  ALLISON,  discuss  it  with  your  Placemenf 
Counselor  and  arrange  for  an  early  interview  with  the  ALLISON  representative  the  next  time  he  visits  your 
campus.  Or,  write  now  for  further  information:  R.  G.  Greenwood,  Engineering  College  Contact,  Allison 
Division,  General  Motors  Corporation,  Indianapolis  6,  Indiana. 

'OTl'    DIVISION  GENERAL  MOTORS  CORPORATION  •  Indianapolis,  Ind. 

Design,  development  and  production  —  high  power  TURBINE  ENGINES  for  modern  aircraft  .  .  . 
heavy  duty  TRANSMISSIONS  for  Ordnance  and  Commercial  vehicles  .  .  .  DIESEL  LOCOMOTIVE 
PARTS    .    .    .    PRECISION    BEARINGS    for  aircraft,   Diesel  locomotives  and   special  application. 
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Engineering  Planning, 
Design  and  Construction 

The  development  and  economic  utilization 
of  progressive  engineering  methods  to 
make  possible  the  continued  expansion  of 
industry  and  modern  electrical  living. 


5  paths 
to 
success  at 

DETROIT 

EDISON 


Mb 


These  are  the  five  principal  channels  through  which 
graduates  may  advance  at  The  Detroit  Edison  Company. 
Under  these  broad  headings  are  hundreds  of  different 
positions— all  working  together  for  the  best  interests  of 
customer,  employe,  and  investor. 

When  a  graduate  joins  The  Detroit  Edison  Company, 
he  is  assured  every  opportunity  to  fit  into  the  job  he  likes 
best — and,  once  there,  he  knows  he  will  be  encouraged  to 
advance  as  rapidly  as  his  ability  and  energy  will  carry  him. 

Detroit  Edison  is  a  fast-growing  electric  utility  com- 


•  Power  System  Engineering 

The  application  of  proved  engineering 
principles  to  the  problems  of  operating 
the  equipment  used  in  the  production, 
transmission  and  distribution  of  electric 
power. 


Sales  and  Customers  Service 

The  promotion  of  increased  sales  by  help- 
ing the  consumer  make  the  best  use  of 
the  energy  he  buys,  and  by  showing  him 
how  to  let  electricity  do  more  of  his  jobs. 


Research 

The  investigation  of  problems  which  daily 
face  any  part  of  the  production,  distri- 
bution or  sale  of  electricity,  and  making 
recommendations  for  their  solution. 


i      *  Business  Management 


The  coordination  of  problems  related  to 
Company  finance,  materials,  i)roperty 
and  personnel  for  the  efficient  operation 
of  the  electric  business. 


pany.  It  is  foresighted,  too.  For  example,  Detroit  Edison 
engineers  are  working  with  Dow  Chemical  Company  as 
one  of  the  nation's  industrial  atomic  research  teams 
investigating  the  use  of  nuclear  heat  in  thermal  electric 
generating  plants,  to  produce  electric  power  even  more 
efficiently. 

There's  a  future  for  graduates  at  The  Detroit  Edison 
Company— a  career  opportunity  best  described  by  the 
fact  that  many  of  the  executives  in  the  organization  at 
this  time  began  their  climb  to  success  in  positions  similar 
to  those  offered  graduates  today. 


The   DETROIT  EDISON   Company 
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Progress    Report 


Chicago  Area  Expressways 


by  Warren   H.  Brandt,  C.E.  '54 


The  Chicago  area  expressway  system 
cnnipn'ses  six  major  arteries  entering  thi- 
Central  Business  District  or  its  \icinity, 
these  are: 

1.  North  Route  E\press\va\ — the  ex- 
isting Lake  Shore  Drive  from  Sheridan 
Road  south  along  the  lake  shore  to  the 
downtown  area,  including  the  new  ex- 
tension from  Poster  Avenue  to  Holly- 
wood Avenue  which  bypasses  the  famous 
Edgewater  Heach  Hotel. 

2.  The  Northwest  Route  Expressway 
— from  the  new  Chicago  International 
Airport  south  of  Des  Plaines,  Illinois  to 
the  junction  with  the  West  Route  near 
Halsted  and  Van  Huren  Streets;  this  in- 
cludes the  much  publicized  Eden's  Ex- 
pressway, the  greater  part  of  which  is 
out  of  the  Chicago  city  limits,  and  the 
Erie  Street  Distributor  which  will  tap 
some  near-north  business  district  traffic. 

3.  The  West  Route  Expressway — 
better  known  as  the  Congress  Street  Ex- 
pressway this  route  has  been  in  the  plan- 
ning stage  for  some  time. 

4.  The  Southwest  Route  Expressway 
— a  limited  access  facility  to  be  located 
in  the  bed  of  the  old  Illinois-Michigan 
Canal. 

5.  The  South  Route  Expressway' — a 
superhighwa\'  to  join  the  completed  Cal- 
umet Expressway  to  the  West  and 
Northwest  Routes  at  t  he  aforemen- 
tioned interchange  near  Halsted   Street. 

6.  The  SoLitheast  Route  Expressway 
— the  present  Lake  Shore  Drive  from 
t'le  Central  Business  District  to  the  In- 
diana State  Line. 

The  present  status  of  these  projects 
ranges  from  the  drawing  board  to  com- 
pleted job.  Much  of  the  completed  work 
is  outside  the  limits  of  the  city  of  Chi- 
cago. This  is  explained  by  virtue  of  the 
fact  that  this  \\ork  in  many  instances 
could  proceed  without  the  necessity  of 
removing  many  structures  as  had  to 
be  done  in  Chicago. 

Progress  on   Expressway  projects: 

North    Route 

The  North  Route  has  been  completed 
for  several  decades.  The  newest  exten- 
sion designed  to  by-pass  the  bottleneck 
at  Foster  Avenue  and  Sheridan  Road 
was  opened  to  traffic  in  October,  l')5.i. 
The  extension  carries  northbound  traffic 
to  Byrn  Mawr  and  Holhwood  A\enues 
where    it    again    enters    Sheridan    Road. 
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Worrcn  groduotcd  from 
Lane  Technicol  School  i  n 
1942.  He  spent  two  ycors 
at  Navy  Pier  before  com- 
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The  ultimate  designs  envision  a  lake 
front  road  to  the  Evanston  city  limits, 
however,  considerable  planning  will  be 
necessary  before  this  facility  can  be  ex- 
tended. The  plans  would  provide  ac- 
cess to  the  major  east-west  streets  which 
now  terminate  at  the  lake  shore.  Such 
a  route  would  greatly  assist  traffic  mov- 
ing from  the  far  north  side  of  Chicago 
into  the  Loop. 

Northwest  Route 
The  route  taps  a  potentially  heavy 
\olume  of  traffic  to  the  multi-million 
dollar  improvement  at  the  Chicago  In- 
ternational Airport,  a  cit\-owned  prop- 
ert\ ,   three  miles  outside  the  city   limits 


and  1 8  miles  northwest  of  the  Central 
Business  District  (the  Loop).  The  con- 
struction on  this  route  has  not  com- 
menced although  there  is  extensive  clear- 
ing of  expressway  property  north  of  the 
junction  with  the  West  Route.  A  tenta- 
tive completion  date  of  1963  has  been 
set  for  this  route. 

A  portion  of  the  route  running  par- 
allel to  the  old  Skokie  Highway  called 
the  Eden's  Expressway  has  been  open 
to  traffic  for  about  two  years.  It  is  a 
modern  facility  with  mercury-vapor 
luminaries  along  its  entire  length. 

Signing  on  the  Eden's  superhighway 
is  rather  attractive.  Most  of  the  signs 
have  reflectorized  green  backgrounds 
with  white  vertical  block  letters.  The 
visibility  of  the  signs  is  very  good  as  is 
necessary  on  a  high-speed  roadwa\'  of 
this  type. 

The  Northwest  route  includes  a  cross- 
town  connection  to  the  North  Route 
which  utilizes  two  near-north-side 
streets.  These  streets  serve  as  distribu- 
tors to  the  two  routes  and  will  expedite 
traffic  flow  in  that  area  of  the  cit\' 
lying  immediately  north  of  the  Chicago 
River. 


Eden's    Expressway    interchange    with    West   Touhy    Avenue   on    Chicago's 
northwest  side. 


JANUARY,    1954 


West  Route 

The  West  Route  is  better  known  to 
Chicagoans  and  others  by  its  popular 
name — the  Congress  Street  Expressway. 
This  project  has  occupied  the  attention 
of  city  planners  for  some  time  and  is  in 
the  advanced  stages  of  design  and  con- 
struction. 

Outside  the  city  limits  main'  of  the 
bridge  structures  are  completed  and  a 
small  section  about  a  mile  in  length  is 


to  be  pa\ed  early  in  10S4.  Certain  sec- 
tions in  Forest  I'aric.  cut  through  ceme- 
tery properties  and  right-of-way  acquisi- 
tion is  proceeding  slowly. 

In  the  city  of  Chicago  all  the  right- 
of-way  has  been  cleared  of  any  obstruc- 
tions. The  clearing  serves  a  two-fold 
jMirpose  in  that  it  creates  a  green-belt 
through  the  heart  of  the  city  and  clears 
extensive  lower  class  and  slum  areas. 

Many  of  the  bridge  structures  in  tlie 


Eden's  Expressway  southern  terminus  at  North  Cicero  Avenue  near  West 
Foster  Avenue.  The  Edens  superway  connects  with  the  planned  Northwest 
Route  about  a  mile  south  of  this  point. 


city  have  been  completed  and  contracts 
are  being  let  for  others  as  rapidly  as 
plans  are  made  available.  Several  of  the 
structures  were  designed  by  private 
structural  design  firms  and  novel  de- 
signs have  resulted  from  their  efforts. 
The  governmental  bodies  responsible  for 
the  highway  felt  that  by  varying  the 
design  of  the  structures  aesthetic  consid- 
erations could  be  satisfied  to  a  greater 
degree.  1  hey  are  to  be  commended  for 
their  foresight  in  this  matter. 

Portions  of  the  Expressway  in  the 
Central  Rusiness  District  have  been 
completed.  These  are  all  grade  intersec- 
tions and  cross  major  north-south 
thoroughfares  south  of  the  Loop.  A  cut 
through  the  LaSalle  Street  Station  is 
underway  as  is  a  beautiful  twin-bascule 
bridge  spanning  the  Chicago  River  east 
of  the  United  States  Post  Office. 

Portions  of  the  Expressway  west  of 
the  Post  Office  have  been  completed, 
rhese  include  a  wide  ramp  supported 
on  piers  and  an  underpass  at  Canal 
Street.  The  ramp  construction  is  shown 
in  the  photograph  and  involved  tremen- 
dous quantities  of  structural  steel. 

The  city  of  Chicago  expects  to  spend 
about  $10  million  to  complete  its  por- 
tion of  the  work.  The  project  costs 
about  $100  million  and  the  remaining 
shares  are  financed  by  the  State  of  Illi- 
nois, the  Cook  County  Highway  Depart- 
ment and  the  V.  S.  Bureau  of  Public 
Roads.  Most  of  the  funds  arc  derived 
from  gasoline  taxes. 
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THEY  STARTED  OUT  EVEN  AT  GRADUATION: 

? 


You  may  not  see  it  in  their  outward 
appearances  —  but  there's  a  big  dif- 
ference between  these  young  men. 
One  has  held  three  jobs  in  the  five 
years  since  graduation.  lie's  still 
looking  for  a  job  that  offers  him  a 
lifetime  career.  The  other  has  been 
with  a  Bell  Telephone  Company  dur- 
ing that  time.  lie's  on  his  way  up! 
Sc\cnty-/iv'e  per  cent  of  college 
men  hired  by  the  Bell  Telephone 
Companies  since  World  War  II  are 
still  with  these  telephone  companies 
after  five  years!  Here's  why: 

Telephone  Work  Is  Interesting  — As 

an  engineer,  you'll  be  planning  tele- 
phone facilities  or  supervising  construc- 
tion, installation  and  mnintenancc. 


Youll  work  with  the  newest  develop- 
ments in  electronics  and  communica- 
tions as  you  help  expand  and  improve 
ihc  world's  best  telephone  service. 
There  Are  Places  to  Go— Each  year 
the  number  of  college  people  hired  is 
related  to  estimates  of  the  number  of 
future  management  positions  expected 
to  be  available.  We  are  looking  to  the 
future— yours  and  ours. 
You  Grow  with  a  Growing  Business 
—The  Bell  System  is  one  of  the  fastest 
growing  businesses  in  the  world.  Since 
the  end  of  Wodd  War  II,  it  has  spent 
about  nine  billion  dollars  for  new  con- 
struction. The  past  fi\c  years  have  seen 
the  introduction  of  network  TV  trans- 
mission, dialing  of  Long  Distance  calls 
and  the  development  of  the  remarkable 
transistor. 


You'll  Be  Happy  — Not  only  because 
of  the  interesting  and  rewarding  work, 
but  for  many  other  reasons.  For  in- 
stance. Bell  Telephone  Companies  are 
located  in  all  parts  of  the  country.  So 
you  may  be  able  to  start  where  you 
want  to  live.  And  what  about  salaries? 
It  is  the  basic  policy  of  the  telephone 
companies  to  pay  salaries  that  compare 
favorably  with  those  positions  of  similar 
responsibility  in  other  fields. 

No  matter  what  your  military 
status,  it's  worth  inquiring  about 
Bell  System  employment  opportu- 
nities. Your  Placement  Officer  has 
the  details.  And  be  sure  to  talk  to 
our  employment  representatives 
when  they  visit  the  campus.  The 
time  to  plan  your  future  is  now! 


BELL    TELEPHONE    SYSTEM 
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Moving  second  truss  span  into  place  on   the  Calumet  Expressway. 


Southwest  Route 

The  Soutlnvfsr  Route  will  lie  in  the 
bed  ot  the  old  Illinois  and  Michigan 
Canal.  This  canal  which  was  the  first 
in  Illinois  was  constructed  in  184S  and 
handled  considerable  tonnage  until  the 
construction  ot  the  Sanitary  and  Ship 
Canal  in  190(1.  The  Sanitary  Canal  par- 
allels the  older  canal  on  the  north  for 
much  of  the  way  to  the  Illinois  river. 

The  present  I-M  Canal,  as  it  is  ab- 
breviated, is  in  a  poor  state  having  been 
neglected  for  many  years.  In  some  places 
the  property  has  been  filled-iii  and  per- 
nianient  structures  erected  upon  it.  The 
property  until  a  short  time  ago  could 
not  be  sold.  It  was  the  property  of  the 
United  States  until  an  act  of  Congress 
gave  it  to  the  state  rtf  Illinois  thus  re- 
leasing Federal  claims  on  the  land.  Sale 
of  parcels  was  prohibited  by  the  original 
legislation  providing  for  the  construction 
of  a  canal  and  requiring  that  the  canal 
be  kept  in  operation  for  the  movement 
of  L  nited  States  troops.  State  acquisi- 
tion of  the  Canal  ludlified  these  require- 
ments. 

P.xpressway  plans  for  the  Canal  su- 
perhighway have  been  partially  com- 
pleted. The  Canal  and  its  towpaths  oc- 
cupy a  right-of-way,  called  the  Reserve 
usually  3(){)  feet  in  width  which  is  en- 
tirely adequate  for  an  expressway.  The 
route  would  tap  a  potentially  heavy  resi- 
dential area  on  Chicago's  southwest  side. 
South    Route 

The  South  Route,  which  is  in  the 
planm'ng  stage,  will  connect  with  the 
West  Route  at  the  Halsted  Street  Inter- 
change. It  will  riMi  due  south  parallel- 
ing South  Halsted  Street  for  much  of 
the  way.  Eventually  the  route  connects 
with  the  completed  Calumet  Expressway 
near  Lake  Calumet  on  Chicago's  far 
south  side.   Publicity  on   this   route   ha> 


not  been  \er\'  prolific  and  its  completion 
is  probably  ten  or  twent\  \ears  in  the 
future.  Demand  plays  an  important  part 
in  expressway  construction. 

Southeast  Route 

This  facility  has  been  completed  for 
some  time.  It  is  the  existing  Lake  Shore 
Drive  and  boulevard  system  southeast- 
ward along  the  lake  shore  to  the  Indi- 
ana state  line.  Attention  to  this  route 
has  recently  been  enlivened  by  the  no- 
tice that  preliminary  sudies  for  the  Indi- 
ana Turnpike  located  the  terminus  of 
the  Turnpike  at  the  extreme  south  end 
of  the  Southeast  Route. 


The  route  is  not  a  limited-access  fa- 
cilit\  and  would  require  huge  quantities 
of  money  to  make  it  so.  The  right-of- 
way  widths  are  extremely  variable  in 
some  cases  only  the  custoniar\-  66  foot 
city  street  width  is  available. 

Additional  Studies 

High-t\pe  facilities  constructed  with 
motor  fuel  tax  funds  by  their  \er\  na- 
ture require  considerable  time  for  con- 
struction which  is  general!)  dependent 
upon  the  availability  of  the  necessary 
monies  to  finance  the  project.  This  de- 
la\  has  resulted  in  agitation  in  some  cir- 
cles for  a  toll-road  type  of  development 
with  the  consequent  speedup  of  funds 
ami  accelerated  construction  schedules. 
Some  studies  are  underway  at  the  pres- 
ent time  under  the  auspices  of  the  Illi- 
nois Toll  Road  Commission  to  construct 
expressway  facilities  as  toll  roads 
through  and  around  Chicago.  Tentative 
routes  utili/.e  portions  of  the  plaiuicd 
expressway  system,  mainly  the  South 
Route  and  the  Northwest  Route.  If  con- 
structed these  routes  would  be  operated 
as  toll  roads  and  would  join  with  other 
free  expressways  such  as  the  West 
Route  and  the  Southwest  Route.  The 
toll  collection  structures  at  these  junc- 
tions can  create  some  major  problems. 

Another  toll  road  route  would  utilize 
the  alignment  of  present  state  route  83 
in  bypassing  the  city.  Studies  of  the  ori- 
gin and  destination  of  through  drivers 
will  have  to  be  made  in  order  to  justify 
the  construction  of  a  road  of  this  type. 
Bypass  routes  in  the  past  have  not  been 
too  successful  due  to  subsequent  develop- 
ment of  commercial  facilities  along  their 
rights-of-wa\ . 


Expressway  construction  on  the  West  Route,  looking  west  from  the  Post 
Office.  Shown  in  the  foreground  i  s  an  approach  ramp  that  spans  three 
streets.  The  route  continues  westerly  from  this  point  for  twelve  miles. 
(Photos  courtesy  Illinois  Division  of  Highways.) 
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NATIONAL 

PETRO- CHEMICALS  PLANT 


by  Alan   England,  E.   Physics  '54 


just  tliirty  (ulil  mik's  south  of  tin- 
ranipus,  near  luscola,  Illinois,  a  plant 
of  one  of  the  newest  and  fastest  growing 
industries  has  recently  made  its  debut. 
This  industry,  the  petrochemicals  indus- 
try, uses  the  byproducts  found  in  natural 
gas  to  produce  a  great  variety  of  liqui- 
fied gases  and  industrial  chemicals  in 
staggering  quantities.  This  plant  is 
iiwned  and  operated  by  the  National 
I'l'tro-Chemicals  Corporation  which  was 
formed  in  June  of  1951  by  the  National 
Distillers  Products  Corporation  in  part- 
nership with  the  Panhandle  Eastern 
Pipeline  Company. 

The  operation  and  maintenance  of  the 
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plant  is  carried  on  by  a  group  outstand- 
ing for  enthusiasm,  initiative,  and  abil- 
ity. Men  from  thirty-one  different  com- 
panies averaging  twelve  years  of  experi- 
ence form  the  supervision.  The  stability 
of  the  group  is  indicated  by  the  fact 
that  the  number  of  previous  employers 
per  individual  a\erages  1.2.  The  average 
age  of  these  men  is  thirty-five  years. 
They  include  graduates  from  twenty- 
eight  different  colleges  and  were  drawn 
from  nineteen  different  states  and  four 
Canadian   provinces. 

Tuscola  was  a  natural  choice  for  the 
location  of  the  plant  since  it  is  a  junc- 
tion point  for  two  major  gas  transmis- 
sion systems  from  western  Kansas  and 
the  (nilf  Coast,  and  also  since  the  trans- 
portation facilities  to  and  from  suitable 
market  areas  were  already  available. 
Ihe  plant  site  was  chosen  in  Septem- 
ber 1951  and  construction  began  in  (Oc- 
tober 1951.  To  design  the  buildings  and 
units   that   would    cover   the   442    acres 


of  laiul,  four  major  contractors  with 
four  hundred  engineers  and  designers 
labored   for  a  full  year. 

Tremendous  quantities  of  materials 
were  used  in  the  two  years  of  construc- 
tion. Enough  steel  plate  to  cover  nine- 
teen acres  one-quarter  inch  thick  was 
shipped  in,  enough  concerete  to  build  a 


sixteen  mile  highwa\'  was  poured, 
enough  aluminum  to  provide  24,()U0 
sauce  pans  was  needed,  enough  copper 
to  run  a  single  power  line  156  miles  was 
used  exclusive  of  tnotors  and  generators, 
and  enough  other  material  to  put  a  no- 
ticeable dent  in  the  national  debt  was 
found   necessar\    for   the  construction. 


Will 


The  170  foot  stack  in  the  National  Petro-Chemicals  Corporation  ethylene 
plant  is  the  tallest  structure  in  the  new  $50  million  complex  dedicated 
November  11  at  Tuscola,  111.  Temperatures  exceed  1400  degrees  F.  in 
these  ethane  cracking  furnaces. 
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For  such  a  large  scale  operation,  It 
was  tounil  coineiiient  for  the  compain 
to  provide  their  own  power.  The  power 
plant  has  tliree  boilers  which  produce 
600,000  pounds  of  steam  per  hour.  The 
generating  capacity  of  this  unit,  12,00(1 
kilowatts,  can  be  compared  with  thi- 
7,500  kilowatt  requirement  for  a  city 
the  size  of  Champaign.  The  power  out 
put  of  the  University  of  Illinois  Power 
Plant  is  also  12,00()  kilowatts.  A  coal 
crusher  and  conveyor  system  readih 
handles    the    800    tons   of   coal    per    da\ 


well  treated  before  t]ie\  are  returned 
to  the  Kaskaskia  River.  This  treatment 
removes  the  source  of  all  possible  con- 
tamination and  returns  the  water  to  the 
ri\er  in  a  purer  form  than  it  was  taken 
out. 

The  hydrocarbon  extiaction  unit  pro- 
cesses 4()'0,000,(K)()  cubic  feet  of  natural 
gas  per  day.  Twenty-one  million  cubic 
feet  of  desirable  hydrocarbons  are  re- 
mo\eil  from  this  stream,  the  remaining 
volume  being  returned  to  the  Panhandle 
K;i>rern    Compressor    Station.      The    e\- 


The  extraction   plant  of  the   National    Petro-Chemicols   Corporation    plant 
located   at  Tuscola,    Illinois. 


necessary  to  feed  the  boders  from  a  large 
stockpile. 

The  wate  rsupply  for  the  plant  rep- 
resented an  acute  problem  due  to  the 
large  quantities  necessary  for  such  large 
scale  operations.  Since  the  supply  from 
the  Kaskaskia  River,  a  small  stream  ad- 
joining the  company  property  was  not 
sufficient  to  handle  the  industrial  oper- 
ations during  dry  periods,  a  large  under- 
ground supply  some  distance  from  the 
plant  was  tapped.  During  the  two  to 
three  months  of  the  year  when  the  nat- 
ual  supply  is  not  adequate,  two  large 
pumps  will  supply  water  to  the  river 
from  this  underground  source.  The  river 
will  carry  'the  water  to  the  plant  where 
it  is  stored  in  an  artificial  lake  cover- 
ing twenty-five  acres  and  holding  100,- 
000,000  gallons.  Water  is  needed  at  the 
plant  at  the  rate  of  1,100  gallons  per 
minute.  Water  from  the  lake  first  goes 
to  a  treatment  plant  to  .sofen,  sterilize, 
stabilize,  and  demineralize  the  water 
and  remove  the  suspended  material  from 
it.    Industrial    and    sanitary    wastes    are 


traction  of  the  saleable  hydrocarbons  is 
accomplished  by  first  dehydrating  the 
natural  gas  to  remove  any  water,  fol- 
lowed by  absorption  in  a  refrigerated 
two-oil  absorber  system.  The  absorbed 
gases  are  liquified  and  then  pumped  to 
the  Fractionation  I,  nit  for  separation 
and  purification. 

The  Fractionation  Unit  is  charged  at 
a  rate  of  750,000  gallons  per  day  with 
these  liquid  hydrocarbons.  This  liqui- 
fied petroleum  gas  is  composed  of  ethane 
and  propane  with  lesser  amounts  of  bu- 
tane and  natural  gasoline.  Ten  million 
cubic  feet  of  ethane  is  recovered  from 
the  fractionating  tourers  per  day  and  is 
then  delivered  to  the  Ethylene  Unit  to 
be  converted  or  "cracked"  to  ethylene. 
Four  hundred  thousand  gallons  of  pro- 
pane, 80,000  gallons  of  butane  and  19,- 
000  gallons  of  gasoline  are  also  recov- 
ered from  the  fractionating  towers  and 
are  sold  directly  as  liquid  fuels.  The 
ethane  delivered  to  the  Ethylene  Unit  is 
converted  at  1500  degrees  Fahrenheit  in 
specially     designed     cracking     furnaces. 


H>(lrogen  and  heavy  hydrocarbons  are 
produced  along  with  the  ethylene,  the 
Indrogen  later  being  used  in  the  Ethyl 
Chloride  Unit. 

In  this  Unit,  li\<lrogen  and  chlorine 
are  combined  to  form  h\drogen  chloride 
in  special  non-corrosive  carbon  furnaces 
and  then  the  ethylene  and  hydrogen 
chloride  are  brought  together  in  the 
presence  of  a  catalyist  to  form  crude 
ethyl  chloride.  The  finished  production 
of  ethyl  chloride  is  50,000,000  tons  per 
vear.  The  Ssnthetic  Alcohol  Unit  pro- 
duces l_'\()()()  gallons  per  day  of  192 
proof  alcohol,  thirty  per  cent  of  all  the 
synthetic  alcohol  produced  in  the  United 
States.  Twelve  thousand  gallons  of  ether 
per  day  are  produced  as  a  by  product. 
This  process  involves  the  absorption  of 
ethylene  gas  in  sulphuric  acid  to  form 
a  mixture  in  a  series  of  alloy  lined  steel 
columns  at  elevated  pressure.  The  mix- 
ture Is  then  reacted  with  water  to  pro- 
duce crude  alcohol  in  sulfuric  acid.  The 
alcohol  is  separated  from  the  acid  and 
is  purified  in  copper  distillation  columns. 
By  products  of  this  step  are  ether  and 
lsoprop\l  alcohol.  Weak  surfuric  acid 
remaining  from  this  process  Is  concen- 
trated and  is  fortified  at  a  nearby  sul- 
furic acid  plant  so  that  it  may  be  re- 
used. 

The  U.  S.  Industrial  Chemicals  Co., 
has  built  a  sulfuric  acid  plant  near  the 
petro-chemicals  plant.  Sulfur  is  shipped 
up  the  Mississippi  from  Louisiana  by 
barge.  It  is  delivered  in  gondola  cars 
and  stocked  in  a  5,000  ton  pile  for  later 
use.  In  production  it  is  loaded  into  a 
melter  by  crane.  From  the  melter  it  is 
burned  at  a  rate  of  100  tons  per  day 
and  the  resultant  sulfur  dioxide  is 
changed  to  sulfur  trioxide  by  contact 
with  air  in  the  presence  of  a  catalyst. 
Part  of  this  gas  is  used  to  strengthen 
the  weak  black  sulfuric  acid  from  the 
Alcohol  Unit.  The  remainder  of  the 
gas  Is  contacted  with  weak  fresh  acid 
to  manufacture  98%  white  acid  for 
shipment  to  other  consumers.  The  total 
capacity  of  the  plant  is  300  tons  of 
100';  sulfuric  acid,  100  tons  being  used 
for  the  Alcohol  Unit,  the  remainder 
being  sold. 

Naturally,  the  storage  facilities  for  a 
plant  such  as  this  are  very  large.  One 
Interesting  storage  method  used  for  pro- 
pane is  underground  storage  in  lime- 
stone-sandstone stratum  deep  below  the 
ground.  Three  hundred  thirty  feet 
down  and  eighteen  feet  thick,  the  lime- 
stone stratum  beneath  the  Tuscola  plant 
will  be  reached  by  a  twelve  foot  verticle 
shaft.  From  the  bottom,  horizontal  tun- 
nels will  be  dug  that  will  be  able  to 
hold  6,000,000  gallons.  The  propane 
may  be  pumped  In  for  long  storage  and 
when  removed  will  be  dry  and  un- 
changed in  quality.  This  method  of  stor- 
age cuts  the  cost  of  storage  to  about  a 
third  compared  with  surface  methods. 
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Engineering    Social    Fraternities 


Sigma  Phi  Delta 


by  Dick   Wharton,  M.E.  '54 


"The  promotion  and  advancement  of 
till'  engineering  profession  and  engineer- 
ing education,  the  instilling  of  a  great- 
er spirit  of  cooperation  among  engineer- 
ing students  and  their  organizations,  the 
inculcation  in  its  members  of  the  high- 
est ideals  of  Christian  manhood,  good 
citizenship,  obedience  to  law  and  broth- 
erhood and  the  encouragement  of  ex- 
cellence in  scholarship"  is  the  objective 
of  Sigma  Phi  Delta  Fraternity.  The 
motto:  "Pro  bono  professionis,"  which 
translated  from  the  latin  means,  "for  the 
^ood  of  the  profession,"  further  bears 
(lut  the  objectives  of  this  international 
fraternity  of  engineers. 

Alpha  chapter  of  Sigma  Phi  Delta 
was  founded  at  the  University  of  South- 
ern California  on  April  11,  1924,  mak- 
ing this  fraternity  one  of  the  youngest 
of  the  national  fraternities.  Delta  chap- 
ter was  established  at  the  University 
lit  Illinois  on  January  23,  1928.  There 
.lie  eleven  active  chapters  in  existence 
tdilay.  They  are  located  at  the  Univer- 
Mty  of  Southern  California,  L  niversit) 
(If  Illinois,  North  Dakota  State  College, 
Marquette  College,  University  of  Bri- 
tish Columbia,  Chicago  Technical  Col- 
lege, Tri-State  College,  Indiana  Tech- 
nical College,  University  of  California 
at  Los  Angeles,  University  of  Cali- 
fornia at  Los  Angeles,  University  of 
California  and  Manitoba  Lhiiversity. 
Prior  to  World  War  II,  active  chap- 
ters were  also  located  at  the  Univer- 
Mt\  of  South  Dakota,  L'niversity  of 
I  exas,  and  Tulane  University.  These 
chapters  were  forced  to  withdraw  frotii 
the  frateriu'ty  during  World  War  II, 
.1^  did  tiian\  chapters  of  other  national 
fraternities  during  the  war,  when  ir.em- 
licrship  was  a  critical  problem. 

The  publications  of  Sigma  Phi  Delta 
are  of  tv.o  types.  The  Star  an  esoteric 
bulletin,  is  issued  quarterly  to  members, 
active  and  alumni,  to  keep  them  abreast 
of  news  and  tiew  ideas.  The  (Jtutlc.  the 
official  magazine,  is  an  exoteric  publica- 
tion de\oted  to  educational  and  informa- 
tive articles  and  stories  and  serves  to 
give   members  an   outlet    for   their  jour- 


nalistic talents.  Recently,  policy  has 
been  revised  to  publish  articles  by  out- 
standing non-member  authorities  and  the 
(lintli    will    be   made   available    to   engi- 


lost.  l',\ery  venture  has  been  a  calculated 
business  proposition. 

Science,  Friendship  and  Duty  is  the 
interpreted  significance  to  the  members 
of  Sigma  Delta  of  their  Greek  letter 
name.  Delta  chapter,  the  Sigma  Phi 
Delta  chapter  at  the  University  of  Illi- 
nois is  located  at  1  103  West  Illinois 
Street  in  Urbana.  As  an  example  of  the 
way  in  which  Sigma  Phi  Delta  Fratern- 
ity attempts  to  inculcate  in  its  members 
the  principles  of  Science,  Friendship  and 
Duty,  let  us  examine  the  actixities  of 
Delta  chapter  through  the  media  of 
these  three  terms. 

A  few  statistics  will  bear  out  the  fact 
that  Delta  chapter  has  preserved  as  its 
primary  motivation  the  pui'suit  of  sci- 
entific knowledge.  In  the  spring  and  fall 
semesters  of  the  school  year  1932-5.^, 
the  overall  house  scholarship  rating  was 
ninth  out  of  36  fraternities  at  the  L  ni- 


Group  photo  of  th3  members  of  Sigma  Phi  Delta. 


neering    sch 
basis.    Thuj 


il    li 


braries  on  a  broader 
hoped,  Sigma  Phi 
Delta  can  even  make  a  greater  contribu- 
tion to  the  advancement  of  engineering 
education. 

Engineers  are  good  bookkeepers.  They 
know,  or  quickly  learn  how  to  keep  their 
financial  house  in  order.  It  is  not  an 
exaggeration  to  say  that  no  chapter  of 
Sigma  Phi  Delta  has  been  in  .serious 
trouble  because  of  financial  difficulties. 
The  wants  of  the  average  engineering 
student  are  moderate,  hence  frateriu't\ 
life  for  them  is  not  a  costly  item.  Hous- 
ing corporations  managed  by  alumni,  not 
the  national  organization,  are  the  land- 
lords and  keep  a  sure  and  stead\'  e\e 
on  chapter  property  and  its  upkeep. 
Never  once  has  a  housing  corporation 
reneged  on  its  obligations;  and  although 
loans  have  been  made  to  .several  of  these 
corporations,  not  a  nickel  has  e\er  been 


\'ersit\  of  Illinois.  Lhe  pledge  scholar- 
ship rating  tor  these  two  semesters  was, 
surprisingly  enough,  higher  still;  seventh 
out  of  the  satne  number.  In  each  case, 
Sigma  Phi  Delta  was  in  the  top  20  per 
cent  of  all  frateriu'ties  on  campus.  Fur- 
thermore, during  this  same  period  42 
per  cent  of  the  men  living  in  the  chap- 
ter house  had  semester  averages  above 
4.0.  Further  evidence  of  academic  ex- 
cellence is  supplied  by  the  fact  that,  of 
the  men  now  in  the  chapter  house,  23 
per  cent  have  financial  assistance 
to  honorar\  .societies;  and,  48  per  cent 
through  scholarships;  32  per  cent  belong 
hold  offices  in  professional  or  honorary 
societies,  .some  having  as  many  as  four 
such  positions.  The  fact  that  the  engi- 
neering student  at  Sigma  Phi  Delta  can 
readily  obtain  consulation  with,  and  ad- 
vice from  his  older  brothers  in  his  stu- 
dies, no  tloubt  hears  a  significant  influ 
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encc  oil  the  IiIkIi  scholastic  ratirifi  of  this 
frateniit>'    in    cnjiiiK'eriiiji   scliools. 

Thi'  strong  bonds  of  fiiciulship  tliat 
exist  between  nieinbeis  of  Sigma  I'hi 
Delta  are  augmented  b\  a  small,  ( b\ 
comparison  with  social  fraternities),  but 
adequate  social  program.  N'ormallv  one 
semi-formal  and  two  informal  dances 
are  held  each  >ear.  There  is  no  limit  to 
the  number  of  social  activities  in  which 
the  chapter  may  partake;  however  the 
members  usualh'  chose  to  keep  the  num- 
ber of  social  activities  at  this  le\el  in 
order  to  keep  pace  with  the  work  load 
rcqiured  of  an  engineer.  This  t\pe  ot 
arrangement,  in  which  the  student  can 
plan  his  social  life  in  accordance  with 
his  studies,  gives  him  the  broadened  cul- 
ture necessary  to  assure  entrance  into 
post  college  life  without  being  "flat  on 
one  side." 

A  program  of  professional  talks  on 
technical  and  non-technical  subjects  and 
an  occasional  inspection  trip  complement 
the  pureh'  social  activities  to  provide  a 
well  balanced  social  program.  This  pro- 
fessional program,  which  is  required  by 
the  fraternity's  laws,  is  broad  in  scope. 
It  includes  forum  discussions,  sympos- 
iums, and  addresses.  The  subjects  con- 
sidered are  by  no  means  restritced  to 
engineering  and  thus  frequently  pro- 
vide the  broader  contacts  which  profes- 
sional  social    fraternities  sometimes   fail 


^TMcra'^l^y 


Inspection    trip   scene   at   the   Wabash    Railroad   yards   at   Decatur,    IHinois. 


to  provide.  The-  spe.ikers  most  often  re- 
quested aie  the  chapter  faculty  mem- 
bers, consisting  of  Professor  H.  E.  Bab- 
bitt, Civil  Engineering;  Professor  M.  S. 


•  For  many  years  K&E  has  pioneered  in  tlie  manufacture 
and  development  of  finest  quality  surveying  instruments. 
K&E  surveying  instruments  are  renowned  all  over  the  world 
for  their  superb  performance  under  conditions  of  all  kinds, 
for  their  magnificent  workmanship  and  for  special  features 
that  come  of  progressive  ingenuity. 

KEUFFEL  &   ESSER  CO. 

NEW   YORK   •    HOBOKEN,   N.   J, 

Chicago  •  St.  louis  •  Detroit  •  Son  Francisco  •  Los  Angeles  •  Montreal 


Helm,  Electrical  Engineering;  Professor 
A.  R.  Knight,  F'lectrical  Engineering; 
Professor  F.  G.  Straub,  Metallurgical 
Engineering;  Professor  P.  Torda,  Aero- 
nautical Engineering;  and  Professor  C. 
C  \Vile\,  Civil   Engineering. 

The  bonds  of  friendship  are  also  ex- 
hibited on  the  plaving  field  where  "Sig 
Phi  Delt  '  participates  in  all,  and  ex- 
cells  in  few,  intramural  sports.  As  a 
rule,  engineering  students  are  poor  ath- 
letes. Not  because  they  are  puny  and 
weak,  for  as  a  matter  of  fact  they  are 
pretty  rough  and  ready  specimens,  but 
because  long  hours  in  the  classroom  and 
laboratory,  coupled  with  term  long  as- 
signments on  a  single  problem  such  as 
a  concrete  arch  bridge  or  the  design  and 
layout  of  an  entire  power  plant  are  not 
compatible  with  the  shrill  sound  of  a 
coaches   training  whistle. 

The  last  letter  of  the  fraternity  name 
stands  for  Duty;  implying  duty  to  the 
engineering  profession,  duty  to  the 
school  is  exhibited  by  the  fact  that  the 
chairman,  the  secretary-treasurer,  and 
one  of  the  five  members  of  the  Central 
committee  of  the  1954  Engineering 
Open  House,  and  the  chairman  and 
treasurer  of  the  1954  St.  Pat's  Ball  are 
Sigma  Phi  Delta  men. 

Sigma  Phi  Delta  offers  no  apology 
for  its  existence.  It  has  a  worthy  pro- 
gram with  high  ideals.  It  is  striving  to 
carry  out  this  program  and  live  up  to 
these  ideals.  It  is  not  necessarily  the 
best  fraternity,  for  who  can  say  what 
the  best  fraternity  is  or  should  be?  But, 
Sigma  Phi  Delta  is  a  young,  growing 
fratermty  with  a  high  quality  member- 
shi|i,  worthy  leaders,  and  a  driving  de- 
>ire   to   realize  its  own   objectives. 
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Marn  of  \ou  have  chosen  to  be  Elec- 
trical P.iigiiieers,  but  e\en  E.  E.  is  a 
wide  field.  Just  what  phase  of  "E.E." 
do  we  want  to  major  in?  Making  the 
choice  is  a  prodigious  step,  and  the  choice 
Is  yours,  and  yours  alone.  The  greatest 
decisive  factor  is  the  opportunities  of 
each  phase  of  engineering.  Consider 
\\  hat  t\pes  of  jobs  are  available  for  each. 
W'ill  they  sui  tthe  individual  needs?  Do 
they  compare  with  other  fields  ?  One 
phase  of  "E.E."  is  Communications, 
which  has  many  opportunities  to  offer. 
Communications  is  a  growing  field  with 
more  and  more  openings  every  year. 
Because  radio  equipment  is  so  complex, 
many  skilled  personnel  are  required,  not 
(inly  to  perform  maintenance,  but  to 
instruct,  install,  and  design  this  equip- 
ment. The  greatest  outlet  of  communi- 
cations equipment  is  the  Armed  Forces, 
and  with  the  Armed  Forces,  the  Civil 
Service  Commission  offers  many  excel- 
lent opportum'ties  for  the  communica- 
tions engineer. 

Qualifications   for    Civil   Seri'ice 

In  order  for  the  communication  en- 
gineer to  work  for  civil  service,  he  must 
be  a  citizen  of  the  United  States,  a 
college  graduate  or  equivalent,  and  at 
least  21  years  old.  All  appointments  are 
made  on  a  competative  basis,  and  all 
applicants  are  subjected  to  a  rigid  civil 
ser\ice  examination.  The  results  of  these 
exams  are  studied,  and  only  those  quali- 
fied are  appointed.  Adequate  results  on 
the  examination  do  not  necessarily  mean 
an  appointment.  Primary  emphasis  is 
placed  on  an  oral  interview,  where  ap- 
pearance, voice,  poise,  and  bearing  of  the 
applicant  count  heavily.  The  facts  are 
e\aluated  b\  the  Civilian  Personnel 
( )ffice  in  regards  to  all  appointments. 
A  college  graduate  with  little  experience 
will  probably  start  as  a  GS-5  with  an 
automatic  promotion  to  GS-7  at  the  end 
of  (i  months  satisfactory  service.  This 
rating  has  a  $5,400  annual  salary.  If  an 
engineer  has  a  good  background  with 
experience  he  may  receive  a  rating  of 
( "rS-9,  10,  or  higher  depending  upon  his 
qualifications. 

Type  of  Work  in  Cit'il  Service 

A  wide  variety  of  jobs  are  offered  in 
Civil  Service  depending  again,  upon  the 
individual  preference  and  ability.  The 
best  openings  are  in  the  service  technical 
schools.  Instructors,  technical  represen- 
tatives, writers,  maintenance,  and  super- 
Msors  are  needed  to  head  the  depart- 
ments and  staff  the  school.  In  a  service 
school  military  and  civil  service  emplo\- 
ces  work  side  by  side.  Due  to  the  rapid 
turnover  of  military  personnel,  a  nucleus 
lit  civilians  is  maintained.  Course  super- 
\  ision  as  well  as  academic  program  lay- 
out are  some  of  the  responsibilities  of 
the  civilians  working  for  the  govern- 
ment. Students  attending  a  school  of  this 
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by  Charles  Runyan 
E.E.  '57 


t\pe  are  taught,  tested  and  evaluated, 
and  promoted  by  civil  service  employees 
along  with  the  military.  A  high  degree 
of  respect  is  shown  the  civil  ser\ice  in- 
structor. 

Service   Technical  Schools 

The    world's    largest    communications 
school,  located  at  Scott  Air  Force  Base, 


\IBl^  HQ  DOES  OTHERTHIMGS 
BESIDES  CHANsf  USHT BULBS, 


Illinois,  is  divided  into  three  main  de- 
partments: the  fundamentals  branch, 
airborn  radio,  and  ground  radio  equip- 
ment. The  fundamentals  branch  primar- 
ily teaches  basic  radio  theory  and  concept 
correlated  with  laboratory  work.  During 
this  course  students  construct  their  own 
transmitter  and  receiver  along  with 
other  \arious  equipment.  The  student  is 
taught  International  Morse  Code  in 
addition  to  the  fundamentals  of  com- 
munications. The  airborne  and  ground 
courses  are  more  advanced  schools, 
where  students  specialize  in  certain  com- 
munication equipment.  The  school  is 
36  weeks  in  duration,  and  is  divided 
into  a  number  of  smaller  departments 
or  phases.  Each  phase  is  from  four  to 
five  weeks  long,  each  of  which  function 
as  a  separate  unit. 

The   Technical  Instructor 

The  staff  of  instructors  includes  both 
military  and  civilian.  Civilians  often 
train  new  military  instructors,  who 
highly  desire  this  assignment.  The  super- 
visor, usually  a  GS-Q,  merely  checks  on 
the  instructors  assigned  to  his  team,  and 
maintains  a  high  level  of  instruction  as 
well  as  a  smooth  running  organization. 
The  course  writer  keeps  all  technical 
data  up  to  date  and  make  changes  when- 
ever necessary  in  the  course  curriculum. 
He  may  be  the  phase  technical  advisor 
"who  conducts  phase  training  classes  with 
the  instructors  to  answer  any  problems 
arising  from  the  technical  material.  Next 
is  the  classroom  instructor  who  is  the 
most  important,  for  he  molds  the  future 
communication  men,  the  backbone  of  any 
military  organization.  An  instructor  con- 
ducts classes  and  laboratory,  and  may 
be  assigned  to  any  one  of  the  phases  to 
teach.  His  classes  usually  run  about  10 
to  15  students.  He  lectures  and  gives 
them  indi\idual  assistance  in  the  labora- 
tory He  is  the  one  who  teaches  com- 
munications. The  classes  are  six  hours 
long  and  are  usually  divided  into  three 
hours  lecture,  three  hours  laboratory. 
Each  hour  is  50  minutes  long  allowing 
10   minutes   for   relaxation. 

Instructor  Training 

When  an  appointment  with  ci\il  ser- 
\ice  is  made,  the  appointee  is  assigned 
as  a  special  student  and  must  attend 
special  classes  on  methods  and  techniques 
of  teaching,  technical  training,  and  oth- 
er courses  of  special  training.  No  indi- 
\idual  is  allowed  to  get  "stale,  since  all 
instructors  rotate  to  different  phases  of 
instruction.  This  along  with  promotions 
to  jobs  requiring  supervisory  skill  are 
a\ailable  for  the  Civil  Service  employee. 

There  are  many  openings  with  the 
(lovernment  in  the  field  of  Communi- 
cations and  Electronics.  Opportunities 
and  advancement  are  available,  so  wh\' 
don't  you  future  engineers  look  into  the 
future.  Now! 
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Austin  Bush,  Rensselaer,  '50, 

Helps  Develop  New  Pump 


Reports  interesting  project  engineering  assignments  at  Worthington 


"Despite  its  size  as  the  leading  manufacturer  in  its 
field,"  says  Austin  Bush,  "I  have  found  Worthington  pays 
considerable  attention  to  the  interests  of  the  individual. 
The  company's  excellent  training  program  consists  of 
several  months  of  working  with  the  various  types  of 
equipment  manufactured,  augmented  by  technical  lec- 
tures, and  talks  on  the  organization  of  the  corporation. 

"Following  this  training,  I  was  given  an  opportunity  to 
choose  the  department  in  which  I  wanted  to  work — 
engineering,  sales,  or  manufacturing.   My  choice  was 


FOR  ADDITIONAL  INFORMATION,  see  your  College  Place- 
ment Bureau  or  write  to  the  Personnel  and  Training  De- 
partment, Worthington  Corporation,  Harrison,  New  Jersey. 


the  engineering  department  where  I  have  already  been 
assigned  to  several  interesting  projects. 

"In  addition  to  the  training  program,  the  members  of 
our  engineering  department  hold  monthly  seminars  at 
which  engineering  topics  of  general  interest  are  discussed. 

"Opportunities  for  advancement  are  good,  and  pleasant 
associates  make  Worthington  a  fine  place  to  work." 

When  you're  thinking  of  a  good  job,  think  liigli — think 
yVorthin<;!on. 


WORTHINGTON 


The    Sign    of   Value 
Around    the    World 
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THE    PERCENTAGE    of    liydrogen    in  gen   in    the   sample    is   eomi)i 

liquid  iiydrocarbons  can  be  determined  tiiese  measurements  and  a  calibration 

by  making  two  simultaneous  measure-  curve.  The  new  instrument  shown  here, 

ments  on  the  sample  to  give  ( 1 )  density  a  Standard  Oil  development,  measures 

and   (2)   the  absorption  rate   for   beta  the  beta  ray  absorption  rate. 

rays.  The  weight  percentage  of  hydro- 


BETA   RAY 


used  to  speed  hydrogen  measurement 


The  problem :  How  to  measure  the  percentage  of 
hydrogen  in  organic  compounds  in  a  short  time. 

The  estabhshed  process  was  combustion.  It 
took  about  four  hours,  and  so  discouraged  the 
use  of  hydrogen  determinations.  But  such 
analyses  are  increasingly  important.  Processes 
in  the  petroleum  and  chemical  industries  often 
involve  hydrogenation  or  dehydrogenation.  In 
addition,  the  percentage  of  hydrogen  is  an 
index  to  the  performance  of  critical  fuels  such 
as  those  used  in  jet  planes. 

A  rapid  method  for  measuring  hydrogen 
content  would  therefore  be  a  great  help  in 
both  research  work  and  plant  control.  Standard 


Oil's  Engineering  Research  Department,  spe- 
cialists in  solving  technical  problems,  took  on 
this  challenging  assignment. 

A  new  machine — a  beta  ray  hydrogen  ana- 
lyzer— was  invented  and  constructed.  It  gives 
results  in  five  minutes,  and  is  twice  as  accu- 
rate as  the  old  combustion  method.  It  is  so 
easy  to  operate  that  a  laboratory  technician 
can  use  it. 

Problems  such  as  this  are  met  continually 
in  Standard  Oil  laboratories.  They  offer  an 
opportunity  for  young  men  with  training  in 
chemistry  and  engineering  to  test  their  knowl- 
edge, skill  and  ingenuity. 


Standard  Oil  Company 


910  South  Michigan  Av 


,  Chicogo  80,  Illinois 
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ALPHA  CHI  SIGMA 


by  Lou  Tichacek,  Graduate 


The  protcssioiial  trateriiit)  tor  clieni- 
ists  and  chemical  engineers  on  the  L  ni- 
versity  of  Illinois  campus  is  Alpha  Chi 
Sigma.  The  local  chapter,  Zeta,  has 
been  in  existence  45  years  and  is  now 
the  largest  of  all  collegiate  chapters  of 
Alpha  Chi  Sigma,  having  actives  and 
pledges  numbering  about  80  and  more 
than  1200  li\ing  alumni.  In  addition  a 
majority  of  the  facidt\  of  the  Depart- 
ment of  Chemistry  and  Chemical  En- 
gineering are  members  of  the  fraternity, 
and  their  enthusiastic  support  has  en- 
abled this  chapter  to  achie\e  its  promi- 
nent position.  Approximateh'  20  per 
cent  of  the  present  membership  of  Zeta 
are  chemical  engineers,  both  graduate 
and  undergraduate  students. 

Although  the  social  activities  of  the 
chapter  are  not  minor,  the  fraternity  is 
centered  around  professional  interests. 
The  present  aims  of  the  fraternity  may 
still  best  be  expressed  by  those  of  its 
founders : 

1.  To  bind  its  members  with  a  tie  of 
true  and  lasting  friendship ; 

2.  To  strive  for  the  advancement  of 
chemistry  both  as  a  science  and  as  a  prn- 
fession ; 

3.  To  aid  its  members  by  every  hon- 
orable means  in  the  attainment  of  their 


ambitions  as  chemists  throughout  their 
mortal  li\es. 

In  keeping  with  these  aims,  Zeta  chap- 
ter has  traditionally  sponsored  activities 
of  benefit  to  its  members  and  to  the 
chemical  profession  in  general.  A  series 
of  faculty  lectures  open  to  the  public  is 
arranged  and  presented  at  the  chapter 
house  during  the  school  year.  In  addi- 
tion a  guest  lecturer  is  brought  to  Ur- 
bana  as  the  highlight  of  the  annual 
Founder's  Day  banquet.  At  this  same 
banquet  the  freshman  in  the  chemical 
or  chemical  engineering  curriculum  who 
has  attained  the  highest  scholastic  aver- 
age is  given  an  award  by  Zeta  chapter 
in  recognition  of  his  academic  excellence 
and  promise  in  the  profession.  As  an  aid 
to  safe  practices  in  the  Department  of 
Chemistry  and  Chemical  Engineering  a 
standing  safety  committee  is  maintained 
bv  the  chapter.  Its  duties  include  a  semi- 
annual inspection  of  all  laboratories,  the 
sponsoring  of  a  general  laboratory  clean- 
up day,  and  recommendations  for  cor- 
rection of  unsafe  practices. 

The  national  constitutioii  of  Alpha 
Chi  Sigma  restricts  membership  to  men 
who  are  planning  to  make  some  branch 
of  chemistry  or  a  closely  allied  science 
their  life  work.  A  graduate  student  must 


The  Alpha  Chi  Sigma  house  at  606  W.  Ohio. 


be  in  good  standing  in  the  graduate 
school,  and  undergraduates  must  be  of 
at  least  second  semester  sophomore  stand- 
ing and  have  a  commendable  average  to 
be  elected  to  membership.  Since  those 
qualified  for  membership  can  be  in 
either  academic  or  industrial  work,  the 
fraternity  consists  of  both  a  collegiate 
and  a  professional  branch.  The  collegi- 
ate branch  has  active  chapters  on  46 
campuses  with  over  23,000  initiates,  and 
the  professional  branch  has  30  chapters 
located  in  centers  of  chemical  industry 
throughout  the  country. 

Alpha  Chi  Sigma  had  its  origin  at 
the  University  of  Wisconsin  in  1902 
when  nine  undergraduates  in  chemistry 
organized  it  as  the  first  professional  fra- 
ternity in  chemistry.  Subsequently,  chap- 
ters were  chartered  on  other  midwestern 
campuses,  the  sixth  charter  being  grant- 
ed to  a  group  at  the  University  of  Illi- 
nois in  1908.  The  charter  members  of 
Zeta  were  eleven  chemistry  students  who 
had  joined  together  ".  .  .  in  order  to 
promote  the  study  of  chemistry  and  to 
further  fraternal  relations  between  men 
of  the  profession  .  .  ."  The  first  activi- 
ties ot  the  chapter — meetings,  lectures, 
smokers,  and  dances — were  held  at  vari- 
ous places  such  as  the  Chemical  Club 
Room,  the  YAICA,  and  the  Elks  Club. 
During  the  early  years  of  Zeta  its  mem- 
bers were  mostly  undergraduates,  and 
it  belonged  to  the  Inter-Fraternity 
Council.  This  chapter  coidd,  therefore, 
accept  only  members  who  belonged  to 
none  of  the  social  fraternities  and  yet 
were  students  of  chemistry.  The  activi- 
ties of  Zeta  chapter  became  almost  com- 
pletely social,  so  much  so  that  in  1921 
a  group  of  students  in  the  departments 
of  chemistry  and  ceramics  laid  plans  for 
founding  a  new  "truly  professional  "  fra- 
ternit\  and  called  their  organization 
(iamma  Pi  L  psilon.  These  two  fra- 
ternities, with  nearly  the  same  written 
aims,  coexisted  on  this  campus  for  about 
ten  years.  In  the  early  years  of  the  de- 
pression Zeta,  recognizing,  the  disad- 
\antages  of  trying  to  compete  actively 
with  strictly  social  fraternities  while 
being  able  to  pledge  only  members  of 
the  chemistry  department,  withdrew 
from  the  Inter-Fraternity  Council  and 
returned  to  the  status  of  a  professional 
fraternity.  Their  actual  aims  now  being 
close    to    those   of    ( lamma    Pi    L  psilon. 
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A  group  picture  of  the  Alpha  Chi  Sigma  members. 


a  merger  between  the  two  organizations 
was  approved  by  the  membership  in- 
volved. The  new  organization  now  took 
ill  members  of  social  fraternities;  it  re- 
tained the  name  and  charter  of  the  na- 
tional   fraternity.   Alpha  Chi   Sigma. 

Despite  the  merger  the  advancement 
of  the  organization  was  hindered  by  the 
depression  and  growth  was  slow  for  the 
first  few  years.  But  after  having  kept 
residence  in  several  temporary  locations, 
the  chapter  moved  to  Nevada  Street  in 
l'1.i4.  This  served  as  the  home  of  Zeta 
imtii  an  expanding  membership  neces- 
M  rated  the  acquisition  of  a  larger  chap- 
ter house  in  the  summer  of  1*^37,  at 
which  time  the  present  house  at  606 
\Vest  Ohio  Street  was  obtained. 

This  house  comfortably  fulfills  the 
needs  of  the  chapter,  housing  43  of  its 
members.  Its  library,  started  by  the  col- 
lection of  periodicals  and  chemical  texts 
in  the  early  days  of  the  fraternity,  now 
contains  a  complete  collection  of  the 
leading  chemical  journals  as  well  as  an 
extensive  selection  of  textbooks  in  vari- 
niis  scientific  fields.  The  voluntary  con- 
tributions of  active  members  of  the 
chapter  and  interested  members  of  the 
academic  staff  have  enabled  this  library 
to  maintain  a  collection  of  chemical  lit- 
erature equal  to  that  found  in  the  li- 
hiaries  of  many  colleges.  In  a  like  man- 
ner, the  interest  of  the  members  has  en- 
abled Zeta  to  build  up  a  sizeable  record 
library  of  both  popular  and  classical 
niusic.  The  house  also  maintains  the 
other  recreational  facilities  common  to 
most  social  fraternities.  The  present  so- 
cial program  includes  two  formal  dances 
a^  well  as  \anous  informal  events  diir- 
mji  the  year. 

I'pon  completing  his  academic  work, 
a  member  of  the  collegiate  branch  ma\ 
automatically  enter  the  professional 
branch  of  the  fraternit)',  and  a  great 
number  of  men  do  this  each  year.  Thus 
members  can  maintain  an  active  interest 
in    the    fraternity    for    as    long    as    they 


wish  ;  and  the  fact  that  such  an  interest 
exists  is  indicated  by  the  continuing  ex- 
pansion of  the  professional  branch  into 
new  regions  as  Alpha  Chi  Sigma  mem- 
bers are  brought  in  by  the  development 
of  the  chemical  industrv. 


New  Ultra-Sonic  Burglar  Alarm 

A  revolutionary  new  burglar  alarm 
that  capitalizes  on  the  use  of  inaudible 
sound,  traps  intruders  by  their  motion 
anywhere  in  a  room  or  similar  enclosed 
area.  The  system  was  invented  by  \lr. 
Samuel  Ragno,  vice  president  of  the  Al- 
ertronic  Corporation,  and  is  manufac- 
tured by  the  cnmpain. 

(Operating  on  the  principle  of  mag- 
netostrictive  \ibrations,  the  super-sensi- 
tive burglar  alarm  reports  any  disturb- 
ance of  the  ultra-sonic  waves  transmit- 
ted within  an  enclosed  area. 

The  Alertonic  system  appears  to  be  a 
simple  device.  Mounted  on  a  wall,  it 
looks  like  half  a  coffee  can  painted  grey. 
From  within  the  "can,"  which  is  real- 
ly a  diaphragm,  ultra-.sonic  waves  are 
generated.  A  similar  "can"  on  an  op- 
posite wall  receives  the  waves.  Any  mo- 
tion that  disturbs  the  waves  causes  the 
receiving  "can"  to  transform  the  sound 
into  electricity,  feed  it  into  an  amplifier 
and  then  sound  the  alarm. 

The  sensitivity  of  the  system  is  con- 
trolled just  as  you  would  the  volume 
of  your  radio.  It  is  usually  set  to  de- 
tect a  body  as  small  as  a  child's,  but 
can  be  tuned  to  such  high  sensitivity 
that  a  deep  breath,  a  wink  of  an  e\e, 
or  wiggling  finger  will  start  it. 

This  sensitivity  extends  to  the  masses 
of  air  set  in  motion  by  fire.  The  alarm 
can  even  be  set  off  simply  by  igniting  a 
wad  of  newspaper.  In  Chicago,  the 
ultra-sonic  system  detected  a  fire  in  an 
electro-plating  plant  that  was  put  out 
before  any  serious  damage  was  caused. 
Ultra-sonic    vibrations    are    generated 


from  four  nickel  rods,  thin  as  wooden 
matches  and  twice  as  long.  The  rods  are 
riveted  to  the  bottom  of  the  "can"  and 
wound  with  copper  wire  to  set  up  a 
magnetic  field.  As  the  rods  shrink  and 
relax,  19,200  times  per  second,  they  vi- 
brate the  "can"  or  diaphragm  which 
sends  out  waves  into  the  surrounding 
area.  19,2(10  cycles  is  beyond  the  hearing 
range  but  not  so  high  that  the  air  would 
absorb  the  waves. 

The  principle  of  the  new  system,  mag- 
iietstriction,  has  been  known  to  science 
tor  many  years,  but  until  recently  it  was 
regarded  as  a  laboratory  curiosity.  With 
the  development  of  magnetostrictive  os- 
cillators, new  fields  of  study  were  open- 
ed to  science.  A  number  of  metals  have 
this  magnetostrictive  property  that  util- 
izes an  alternating  magnetic  field  to  get 
contraction  and  elongation.  Few  of  them 
have  it  to  any  commercially  valuable  ex- 
tent. Most  widely  used  is  nickel  because 
it  has  a  combination  of  several  essential 
properties.  This  is  the  principle  on 
which  Mr.  Bagno  began  his  work  in 
1941.  He  discovered  that  a  wave  could 
be  made  to  bounce  off  a  wall  and  cast 
an  inaudible  echo  from  any  moving  ob- 
ject. 

At  first,  Mr.  Bagno's  source  of  ultra- 
sonic waves  was  a  piezo-electric  crystal. 
Later  he  decided  to  try  nickel.  He  said 
that  he  changed  to  nickel  instead  of 
crystals  "because  of  its  more  suitable 
low  impedance  value,  both  electrically 
and  mechanically."  In  addition,  nickel 
rods  can  be  obtained  in  any  desired 
length  and  diameter.  The  dimensions  of 
the  rods  affect  the  \ibrations.  The  rods 
are  pure  nickel  and  are  wrapped  with 
copper  wire.  At  the  ends,  they  are  wrap- 
ped with  a  30  nickel — 50  iron  alloy 
magnetic  strip.  The  diaphragms  that 
emit  the  \  ibrations  contain  two  pairs  of 
nickel  rods  in  the  transducers  and  one 
pair  of  nickel   rods  in  the  receiver. 

The  SNstem  not  only  detects  burglars 
.and  fire  but  it  has  been  found  to  kill 
mice  and  temporarily  drive  rats  away. 
In  a  test  by  a  Houston,  Texas,  .school, 
six  white  mice  caged  near  one  of  these 
devices  were  found  dead  in  30  minutes. 
In  plants,  mice  were  found  with  their 
skulls  crushed,  indicating  they  raced 
around  in  a  frenzy  until  they  hit  some- 
thing and  died. 

The  Alertronic  alarm  system  has  re- 
ceived the  approval  of  The  Underwrit- 
ers' Laboratories,  who  set  standards  for 
detection  instruments. 


NOTE 

We  wish  to  correct  the  erroneous  by- 
line gi\en  to  "Rocket  Development"  in 
the  November,  1933,  issue.  The  article 
was  written  by  Thomas  L.  Hermann, 
Aero.  E.,  '36,  not  Tom  Hoffman,  Arch. 
E.,  '33. 
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The  thrills  you've  known  in  sports  — 

the  racy,  heady  feeling  of  knowing  what  it's  like  to  win  — 

arc  close  kin  to  the  excitement  of  working  with  a  company 
which  competes  with  its  own  achievements. 

For  Sikorsky's  arc  winners  — 

engineered  by  men  who  never  lose  the  thrill  of  winning. 

Yet  "winning"  and  breaking  records  are  only  by-products 

in   Sikorsky's  never-ending  quest  of  perfection. 
Today  the  research  departments,  drafting  rooms,  engineering  laboratories 

are  busy  fitting  this  most  versatile  of  aircraft 
to  ever  more  demanding  military  and  peacetime  uses. 

Many  engineering  skills  and  abilities  are  needed. 

Perhaps  yours.  If  you  are  interested  in  an  industry  which  has  only 
scratched  the  surface  of  its  potentials,  then  Sikorsky  may  be  for  you.  Promising 
engineers  find  a  good  beginning  —  a  winning  future  —  at  Sikorsky. 
Write  today  to  Mr.  R.  C.  Banks,  Personnel  Department 
for  more  information. 


IKORSKY  HELICOPTERS 


Sikorsky  Aircraft,  one  of  the  four  divisions  of  United  Aircraft  Corporation,  South  Avenue,  Bridgeport   1,  Conn. 
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THE  DU  PONT 

DIGEST 


Plant 
Development 

Offers  Training  and  Opportunity 


John  Purdom,  M.S.  in  Ch.E.,  Ohio  State  '48  (right),  confers  witli  other  engineers  on  the 
progress  of  a  new  plant. 


A  young  chemical  engineer  recently 
had  his  first  assignment  in  a  Plant 
Development  group  at  Du  Pont.  He 
was  part  of  a  team  assigned  to  im- 
prove recovery  of  adipic  acid,  a  nylon 
intermediate,  from  plant-waste 
streams. 

First,  he  made  a  Uteratm-e  survey 
for  possible  leads.  Three  recovery 
methods  came  under  consideration: 
solvent  extraction,  crystallization,  and 
a  combination  distillation-crystalliza- 
tion process.  He  helped  to  set  up  a 
laboratory  program  to  compare  and 
evaluate  them. 

Preliminary  results  were  somewhat 
inconclusive.  It  was  decided  to  go 


ahead  with  semi-works  tests,  while 
an  organic  chemist  completed  the 
laboratory  work. 

Next,  the  young  chemical  engineer 
joined  forces  with  a  mechanical  engi- 
neer to  design  a  semi-works  plant  to 
evaluate  each  method.  In  this  plant, 
all  vital  points  were  checked  and  re- 
checked:  materials  of  construction, 
steam  and  water  requirements,  heat- 
transfer  coefficients,  yields,  product 
quality,  and  pollution  problems. 

The  semi-works  data  revealed  that 
the  distillation-crystallization  process 
was  the  most  economical,  and  also 
gave  the  best  product  quality.  Usual- 
ly, the  next  step  would  be  construc- 


Robert  Thomson  ihi't).  B.S.  in  Ch.E.,  Univ. 
of  Va.  '50,  David  S.  Rumsey  Uvnter),  IVI.S. 
in  Ch.,  Univ.  of  Mich.  '48,  and  Rene  M. 
LeClair  (right),  M.S.  in  Ch.  E.,  M.I.T.  '51, 
test  samples  on  an  experimental  batcii  unit. 


tion  and  operation  of  a  pUot  plant. 
But  this  time,  engineers  from  the 
Production  Division  arranged  for  a 
limited-scale  plant  test,  using  a  spare 
batch  still  and  a  crystallizer  on  a 
part-time  basis.  Two  months  cf  test- 
ing confirmed  the  previous  data — the 
new  distillation-crystallization  process 
recovered  adipic  acid  e'^ciently,  and 
would  reduce  costs  considerably.  The 
plant  is  now  using  this  process  suc- 
cessfully. 

That's  how  one  young  chemical 
engineer  started  his  career  in  a  typical 
Du  Pont  Plant  Development  group. 
The  job  of  such  groups  is  to  make 
processes  and  equipment  more  effi- 
cient, to  adapt  products  to  new  uses, 
and  to  improve  product  quaUty. 

Plant  Development  work  not  only 
offers  opportunity  in  itself  but  valu- 
able training  for  other  fields. 


ASK    FOR    "Chemical    Engineers    at 

Do  Pont.  "This  new  illustrated  booklet 
describes  init  iai  assignments,  training, 
and  paths  of  promotion.  Just  send  a 
post  card  to  E.  I.  du  Pont  de  Nemours 
&Co.  (Inc.),  2521  Nemours  Building, 
Wilmington,  Delaware.  Also  avail- 
able: "Du  Pont  Company  and  the 
College  Graduate"  and  "Mechanical 
Engineers  at  Du  Pont." 


BETTER  THINGS  FOR  BETTER  LIVING 

.  .  .  THKOUGH  CHEMISTRY 


Watch  "Cavalcade  of  America,"  on  Television 
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The  Reception  Hall  of  Alleiton  House.  Much  of  the  furnishings  in  this  hall, 
as  well  as  the  rest  of  the  house,  are  imported  articles.  Allerton  House  is 
now  used  by  the  University  for  banquets  and  conferences  and  many  of 
the  guests  of  the  University  stay  in  the  house  during  their  visit. 


The  Hedge  Garden.  This  is  only  one  of  the  many  bsautiful  gardens  in  the 
park.  A  part  of  the  farmland  is  used  in  connection  with  agricultural 
research. 


Robert  1 


From  the  balcony  of  this  tower  or 
the  pork.  The  statue  standing  in  sit 
from  the  Orient. 


Photos 

The  University  of  Illii' 


ton  Park 


view  several  of  the  gardens  in 
door  of  the  tower  was  imported 


Allerton  House,  as  viewed  from  across  the  fish  pond.  Robert  Allerton 
Park  was  given  to  the  University  of  lliinois  from  the  estate  of  Robert 
Allerton.  It  comprises  several  hundred  acres  of  gardens  and  woods  im- 
mediately around  the  house,  along  with  several  thousand  acres  of  farm- 
land and  woodland  in  the  vicinity. 


.t.V  of 

blic  Relations  <  )tticf 


The  Garden  of  the  Dogs.  On  each  pedestal  in  the  garden  stands  a  statue 
of  a  Chinese  dog.  All  twenty-four  of  the  statues  were  imported  from  the 
Orient. 


logical 
way 

—  to  a  promising  future ! 


A  RECENT  SURVEY  shows  that  many  of  today's 
,  leading    engineers    and    industrial    executives 
walked  tlirough  this  door  to  start  their  careers. 

In  fact,  the  majority  of  all  leading  positions  in  auto- 
mobile engineering  are  held  by  men  whose  basic 
training  was  in  designing — one  of  the  best  paths  for 
the  young  man  who  wants  an  engineering  career. 

And  if  you  want  to  be  an  automotive  engineer  you 
can't  find  a  better  place  to  start  than  with  Pontiac. 
Experienced  engineers  stand  ready  and  anxious  to 
help  young  men  with  fresh  ideas  tackle  problems 
that  when  solved  will  mean  still  finer  and  more 
dependable  cars.  Here's  a  company  you  can  grow 
with,  a  company  that  offers  a  future  Umited  only 
by  your  own  ability. 

It's  a  very  logical  way  to  a  career  based  on  oppor- 
tunity and  advancement  and  liberal  compensation 
plus  General  Motors  employment  benefits. 


r — "TT...  ■  =*■   "*  '  — 

h  ^        ■»Mlf,     „|,        „„  ^   ^ 


Pontiac's  huge  new  engineering  building  is  one  of  the 
industry's  most  modern — with  every  conceivable  facility  for 
design  ing  better  and  better  Pont  iocs. 


Pontiac 


MOTOR    DIVISION    •    PONTIAC,    MICHIGAN 
GENERAL        MOTORS        CORPORATION 
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Awards  that  foretell  your  gain 


Chemicals  from  coal  hydrojienation  . . . 

. . .  acclaimed  the  1953  Chemical  Engineerinji  Achievement ! 


In  1933  Carbide  received  the  first  Chemical  Engineer- 
ing Achievement  Award.  This  recognized  the  beginning 
of  commercial  production  of  much-needed  chemicals 
from  petroleum  and  natural  gas — which  proved  to  be 
the  beginning  of  the  American  petrochemical  industry. 

HISTORY  REPEATS — Now,  just  twenty  years  later, 
Carbide  has  received  the  1953  Chemical  Engineering 
Achievement  Award  for  "the  first  successful  produc- 
tion of  chemicals  from  coal  by  a  high  pressure  hydro- 
genation  process." 

In  minutes,  coal  becomes  gases  and  liquids  rich  in 
needed  chemicals — "one  of  the  major  contributions 
in  this  century  to  the  well-being  of  us  all." 

Some  of  these  chemicals  are  used  in  making  plastics, 
synthetic  rubber,  pharmaceuticals,  vitamins,  and  many 
other  things.  Others  are  completely  new  and  hold  great 
promise. 


FOURTH  RECOGNITION  — Carbide  is  the  first  two- 
time  individual  recipient  of  this  award.  It  also  is  the 
fourth  time  the  people  of  Carbide  have  been  recog- 
nized, for  they  shared  in  two  previous  group  awards — in 
1943  for  synthetic  rubber,  and  in  1946  for  atomic  energy. 

TRUE  SIGNIFICANCE— As  in  all  Chemical  Engineer- 
ing Achievement  Awards,  coal  hydrogenation  was  recog- 
nized not  as  the  accomplishment  of  any  one  individual 
but  as  the  result  of  the  cooperative  efforts  of  many. 

The  people  of  Union  Carbide  appreciate  the  recog- 
nition of  their  achievement  by  the  distinguished  Com- 
mittee of  Award,  composed  of  senior  chemical  engi- 
neering educators. 

Union  Carbide 

AMI?     CARBON    CORPORATION 
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NEW    YO  II  K    1  :.    N.  Y. 


UCC's  Trade-marked  Products  include 


Synthetic  Organic  Chemicals 
EVEREADY  Flashligtits  and  Batteries 
BakELITE,  VinyLITE,  and  Krene  Plastics 


Electromet  Alloys  and  Metals        IIaynes  Stellite  Alloys        Prestone  Anti-Fn 
Pyrofax  Gas       Dynel  Textile  Fibers       Union  Carbide 
Prest-0-Lite  Acetylene 


LiNDE  Oxygen 
National  Carbons 
ACHESON  Electrodes 
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TRIANGLE,  A  FRATERNITY 


To  me,  thi"  words  ;ibo\  i-  mcin  nion- 
than  just  the  placi-  whcic  1  li\f  «hilc 
on  campus;  more  rhan  iust  a  place  to 
study,  cat,  and  sleep.  They  symbolize 
the  experiences  encountered  in  a  broth- 
erhood of  men — all  working  toward  a 
common  goal  which  has  two  phases : 
first,  by  getting  a  working  knowledge 
of  the  principles  involved,  to  get  a  de- 
gree in  some  branch  of  engineering  or 
architecture;  and  second  to  live  college 
life  to  its  fullest  through  participation 
in  extracurricular  activities.  The  ob- 
ject of  this  article  is  to  give  you  a  good 
picture  of  how  Triangle  functions  and 
how  the  men  of  Triangle  fulfill  tin- 
goal  mentioned  above. 

At  this  point,  it  woidd  be  a  good 
idea  to  outline  a  few  general  ad\aii- 
tages  of  living  in  a  fraternity. 

First,  living  in  a  group  of  this  typ:' 
gives  one  a  chance  to  pick  up  social 
refinements  which  might  not  be  availa- 
ble elsewhere.  This  is  a  category  in 
which  many  of  us  engineers  are  sadly 
lacking. 

Second,  one  makes  permanent  friend- 
ships that  are  not  oidy  pleasant,  but 
may  be  helpful  later  when  trying  to 
get  a  job  (if  we  e\ci'  get  out  of  the 
military!) 

Some  men  ma\'  be  leaving  home  for 
the  first  time  when  coming  to  campus. 
The  feeling  of  belonging  created  by  a 
fraternitN    is    acconinanied    h\    a    feeling 


Of 

Architects 

and 

Engineers 


by  Bob  Haven, 
Chem.   E.,    1955 


This  is  the  final  in  a  series  of  three 
articles  on  cngineerinf;  social  fraternities 
in   this   issue  0/  tlic    Tichiioxraph. 


of  being  wanted — not  an  unwelcome 
thing  when  one  is  struggling  through 
four  or  five  years  of  technical  training 
at   a    uni\ersit\'. 

One  cf)ndition  peculiar  t(j  fraterni- 
ties and  similar  organizations  is  the 
dependency  of  everyone  in  the  group 
on  every  other  person.  This  depend- 
enc\,  along  with  a  constant  contact 
with  others'  iileas  affecting  the  whole 
group,  requires  and  develops  four  traits 
which  are  always  valuable:  responsibili- 
ty; cooperation;  open-minded  consider- 
ation of  the  ideas  of  others ;  and 
confident  proficienc\'  in  speech  and 
actions. 

The  advantages  that  I  have  men- 
tioned in  the  few  paragraphs  above 
could  apply  to  any  fraternity.  However, 
in  Triangle,  we  believe  we  have  one 
additional  and  very  important  advan- 
tage. Due  to  the  fact  that  we  are  all 
engaged  in  the  same  general  field  of 
endeavor,  we  all  have  to  study  about 
the  same  amount  and  at  about  the  same 
time.  Because  of  this  common  need, 
when  it  is  time  to  study,  an  atmosphere 
conducive  to  concentrated  application 
is  present ;  and  then  when  its  time  to 
party,  we  all  party  together.  We  aren't 
hindered  by  stereotyped  individual  per- 
sonalities, either.  Contrary  to  the  be- 
liefs of  some  people,  engineers  and 
architects,  aside  from  their  vocations, 
can    have    as    \aried    interests    and    per- 


Triangle  Fraternity  House  at  1  1  2  East  Daniel.  (Photo  by  Felix  Studio) 
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Triangle's   alums  "came   home"   in    1952   to  this  decoration  which   took   2nd 
prize  in  the  Homecoming  House  Decorations  Contest.  (Photo  by  Felix  Studio) 


soiialities  as  any  two  people.  We  beliexe 
that  because  we  do  things  as  a  group, 
and  yet  are  stinuilated  by  individual 
personalities,  we  have  a  much  more 
closely  knit  organization  than  those  of 
other  fraternities. 

Triangle  Fraternity  was  founded 
here  at  the  V.  of  I.  in  the  Fall  of  1906 
by  sixteen  civil  engineering  students. 
Several  of  the  founders  are  still  active 
in  the  national  organization  of  the  fra- 
ternity. At  first,  the  fraternity  admitted 
only  civil  engineering  students,  but  later 
the  national  constitution  was  altered  to 
admit  men  in  any  branch  of  engineering 
and    finally   to   admit    architects. 

Since  its  founding,  Triangle  has  es- 
tablished chapters  in  most  of  the  Big 
Ten  Schools  and  other  central  U.  S. 
colleges  and  universities.  The  chapters 
had  their  beginnings  in  such  organiza- 
tions as  the  Transit  Clubs  of  Purdue 
and  Ohio  State,  the  Qual-L  Club  of 
the  University  of  Michigan,  The  Grub- 
stalcer's  Club  of  the  Missouri  School  of 
Mines  and  Metallurgy,  and  many  other 
similar   groups   of   engineering   students. 

Several  traditions,  some  local,  and 
others  national,  ha\e  naturally  dexeloped 
through  the  years.  One  of  these  tradi- 
tions, started  by  one  of  the  earlier 
chapters,  is  the  presentation  of  "The 
Triangle  Rattle"  to  each  newly  in- 
stalled "baby"  chapter.  The  name  of 
each  chapter  has  been  placed  on  the 
rattle,  with  the  names  of  new  chapters 
to  be  added  as  they  are  organized. 

The  Illinois  and  Ohio  State  Chapters 
of  Triangle  have  a  traveling  troph\', 
the  retention  of  which  depends  upon 
who  wins  the  (^hio  State-Illinois  foot- 
ball game.  Did  we  see  red,  when,  after 
the  Illinois  victory  of  the  past  season,  we 
received    the    trophy   in    the   mail — col- 


lect! A  more  general  tradition  is  the 
annual  Founders'  Day  Celebration  held 
at    each   of    the   chapters. 

As  far  as  insignae  are  concerned,  the 
active  pin,  the  pledge  pin,  the  colors, 
and  the  crest  are  the  most  important. 
Roughh',  a  description  of  the  active  pin  : 
The  active  pin  or  badge  is  in  the  shape 
of  a  triangle.  Enclosed  by  the  triangle 
is  a  "T",  and,  superimposed  on  the 
triangle  is  a  very  traditional  tool  of 
engineers,  the  transit.  The  pledge  pin 
is  also  triangular  with  a  small  "T"  in 
the  centei'.  Official  colors  of  old  rose 
and  gra\'  were  atlopted  in  1913.  The 
crest  is  too  complicated  to  describe  here. 

"A  bunch  of  crooks"— our   1953  Spring 
with  4-H  House.  (Photo  by  lllini  Studio) 


Now  for  a  few  words  about  the  or- 
ganization of  Triangle  on  a  national 
scale.  The  legislative  body  is  the  Na- 
tional Convention,  including  national 
officers  and  delegates  from  each  chapter 
and  alumni  organization.  The  conven- 
tion also  acts  as  a  final  tribunal  in 
judicial  matters.  The  National  Council, 
composed  of  the  national  officers,  acts 
as  the  executive  body  of  the   fraternity. 

Locally,  each  chapter  has  its  own  of- 
ficers, as  does  its  component  alumni 
and  active  organizations.  These  officers 
a<lminister  their  respective  affairs  under 
the    national    and    chapter   constitutions. 

Without  a  high  calibre  of  personnel, 
any  organization  cannot  function.  The 
following  quotation  from  the  "Triangle 
Pledge  Manual"  illustrates  the  emphasis 
placed  on  personnel: 

"Because  fraternity  means  brother- 
hood, involving  individuals,  great  stress 
is  placed  on  personnel  matters.  Careful 
attention  is  paid  to  selection  through 
"rushing",  development  and  training 
through  assistance  and  service,  and  final 
attainment  of  good  fellowship  and  ac- 
complishment. By  seeking  a  high  stand- 
ard in  the  individual,  group  prestige 
rises  proportionately." 

Rushing  at  the  Illinois  Chapter  of 
Triangle  is  carried  on  informally  rather 
than  going  into  formal  rushing.  We 
believe  that  we  can  better  acquaint  our- 
selves with  the  men,  as  well  as  let  them 
become   better   acquainted   with    us. 

Recognition  of  outstanding  achieve- 
ment is  not  wanting  at  Triangle.  The 
Triangle  Service  Key  is  presented  once 
a  year  to  some  member  for  pre-eminent 
work  in  developing  the  national  organ- 
ization of  the  Fraternitv'.  To  the  local 
active  organization,  which  in  the  opinion 

Carnival   show,  done   in  conjunction 
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NORTH   AMERICAN    HAS    BUILT   MORE    AIRPLANES    THAN    ANY    OTHER    COMPANY    IN   THE    WORLD 


your  challenge 


•  •  • 


operational  flight.  Now  i>,  pr.ority  producfon  fo.  the  A„  Force. 

The  plane  !,o„  help  design  and  develop  wUl  probably  carry  a  destination 

^T ':  "attn        nL  r^^h  a     ifdTecLrca,  f'oundafon  „ho  „m  he  ready  to 
:  pisn td"  build'the  better  aircraft  o,  tonronw.  O-r  fa.ina^S 

carLs  are  also  open  in  North  ^"^^^^^t^ :i:°£^  - 
electronic  and  atomic  energy  programs.  Piojects  that         y 

keep  America's  security  strong.  ^„„i„,„,„g  profession,  consider  the 

rnforLtion  concerning  your  future  .n  the  aircraft  mdust.y. 
Contact:  Your  College  placc.nent  office  or  .rite:  En.pto..ne«t  Director, 


5701  West 

Imperial  Highway 

Los  Angeles 


12214  South 
Lakewood  Blvd. 
Downey,  Calif. 


North  American 

Aviation,  Inc. 
Columbus  6,  Ohio 


ganiiafion,  focifffies  ami 
experience  keep 

in  aircrafl 


North  American  Aviation  years  ^heod 
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Today  •  •  •  Experiment  Without  Peril 


The  risks  and  costs  of  exploring  industrial,  business  and  scientific 
facts  and  theories  are  being  cut  to  the  minimum  by  the  use  of  IBM 
Electronic  Computers  and  Business  Machines. 

IBM  Machines  help  tell  aeronautical  experts  the  flight  characteristics 
of  an  unbuilt  plane;  geologists  where  to  drill  for  oil;  business  men 
where  to  look  for  sales  and  profits  .  .  .  and  IBM  engineers  how  to 
design  better  IBM  Machines. 

Helping  mankind  to  pierce  the  unknown  makes  a  fascinating  career. 


IBM 


INTERNATIONAL  BUSINESS  MACHINES 
590  Madison  Avenue,  New  York  22,  N.  Y. 


Type  604  Electronic  Calculator 


Principal  engineering  laboratories  and  manufacturing  operations  at 
Endicott  and  Poughkeepsie,  New  York,  and  San  Jose,  California. 
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The  Purdue  chapter  purchased  three  fire  engines,  then  sold  two  of  them  to 
pay  for  the  third.  A  bunch  of  the  Purdue  boys  drove  down  on  it  to  see  us. 

(Photo  by  the  Chompaign-Urbana  Courier) 


of  the  National  Council,  has  done  the 
most  during  the  preceeding  year  to  fos- 
ter friendly  relations  with  their  alumni, 
is  presented  the  Alumni  Relations 
Plaque.  A  trophy  to  the  chapter  boasting 
the  highest  scholarship  record  for  the 
past  year  is  presented  each  year,  as  is  a 
plaque  for  the  greatest  improvement  in 
scholarship.  Every  year  on  Founders 
Day  here  at  the  Illinois  Chapter,  the 
K.  E.  Bauer  Award  and  the  Pledge 
Trophy  are  presented.  The>'  go,  respec- 
tively, to  the  outstanding  graduating 
active,  and  the  outstanding  pledge  of 
the  past  year. 

Contact  with  Triangle  does  not  cease 
upon  graduation.  Another  quotation 
from    the    "Triangle    Pledge    Manual," 

"The  satisfactions  of  brotherhood  con- 
tinue to  expand  throughout  lifetime. 
Triangle  has  an  incalculable  professional 
value  to  its  members,  since  it  is  certain 
that  one  will  find  at  least  one  brother 
(often   in   key   positions)    in   practically 


all  technical  or  scientific  organizations 
and  firms. 

Triangle  associations  arc  another 
source  of  enjoyment  subsequent  to  un- 
dergraduate days.  These  groups  are 
composed  of  alumni  members  from  dif- 
derent  chapters  who  reside  in  a  particu- 
lar city  or  area.  They  n.eet  regularly 
for    social    and    professional    programs." 

After  graduation  all  alumni  receive 
the  official  magazine.  The  Triangle 
Review,  containing  current  news  of  the 
Fraternity  and  its  members.  Many 
alumni  also  subscribe  to  the  news  letters 
of  the  individual  chapters.  Both  of  these 
publications  do  a  lot  toward  preserving 
and    strengthening    the    fraternal    spirit. 

A  mention  of  finances  now  seems  to 
be  in  order.  Each  initiate  pays  an  iiutia- 
tion  fee,  part  of  which  is  used  to  proxide 
him  with  a  life  subscription  to  the 
Triangle  Review,  and  part  to  defray 
the  expenses  of  the  national  organiza- 
tion. House  upkeep  and  board  is  taken 


c-.ire  of  thereafter  by  a  monthly  house- 
hill.  The  total  cost,  per  semester,  in- 
cludeil  social  assessments,  is  about  $34(1. 
( )n  the  national  level,  a  Permanent 
h'und,  managed  by  a  Board  of  Trustees, 
has  been  organized.  The  Permanent 
Fund  is  composed  of  a  percentage  of 
the  initiation  fees  of  new  members;  ami 
\()luntary  contributions  of  members. 
Fhe  interest  earnings  of  the  Fund  are 
used  to  meet  the  obligations  of  furtu'sh- 
ing,  the  Triangle  Review  to  life  sub- 
scribers, and  for  loans  to  Triangle 
juniors  and  seniors  who  need  financial 
asssitance  in  order  to  complete  their 
college  education. 

I  said  something  se\eral  hiuidred 
words  ago  about  living  college  life  to 
its  fullest.  This  can  include  a  lot  of 
things,  but  some  of  these  might  be  social 
I  unctions,  sports,  and  participation  in 
the  activities  of  other  groups  around 
campus.  The  social  calendar  of  Triangle 
is  not  quite  as  extensive  as  those  of  some 
fraternities,  but  we  have  a  lot  of  fun. 
Annual  big  events  include  the  Christmas 
Dance  and  the  Spring  Formal.  We 
usually  manage  to  have  a  number  of 
informal  sweater  dances  during  the 
football  season  and  a  few  picnics  in  the 
Spring — and  of  course,  unofficially  there 
is  always  T  G  I    F. 

As  far  as  sports  are  concerned,  we 
always  enter  as  man\  intramural  sports 
as    the   size   of    the   chapter   will    allow. 

Participation  in  the  activities  of  other 
groups  includes  membership  in  the  Inter- 
fraternity  Council  and  in  Star  and 
Scroll  Fraternity.  Of  course,  individual 
participation  in  activities  is  encouraged, 
but  it  is  not  required.  A  couple  of  men 
from  the  House  will  usually  be  found 
on  the  Engineering  Council,  and  we 
usually  participate  extensively  in  the 
annual    Engineering    Open    House. 

Well,  there  it  is.  I've  had  great 
subject  material,  but  I  may  have  includ- 
ed too  much.  Anyway,  knowing  that 
if  I  have  given  you  a  straightforward 
picture  of  our  fraternity,  there  is  no 
need  to  worry  about  your  opinion  of 
Triangle,  as  I  am  confident  that  this 
picture  will  win   friends   for  itself. 
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The  Central  District  Filtration 
Plant  in  Chicago 


by   Gerald   Wheeler,   C.E.   '56 


H;i\('  \ou  e\er  jiauscil  on  a  hot  ila\ 
to  ilnnk  a  glass  of  loul.  t/car  water?  It 
\oii  live  in  Chicago  north  of  39th 
Street,  the  chances  are  that  you  have 
not.  The  reason  is  that  Chicago,  as  a 
whole,  does  not  have  filtered  water. 
During  storniy  months  of  the  year,  Chi- 
cagoans    ha\e    been     obliged     to     drink 
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water  not  onh  nuuidy  and  foul  tasting, 
but  also  ordorous.  At  one  time  the 
water  had  a  threshold  odor  of  40 — 
which  means  that  it  is  necessary  to  mix 
39  parts  of  clear  water  with  one  part 
of  raw  water  to  remove  the  smell. 

For  many  years  the   problem  of  sup- 
plying  Chicago   with    an    adequate   sup- 
pl\    of   clear   water   has   gone    luisolved. 
Imagine  what   a   great   engineering   feat 
ii.iv    been    accomplished    in    constructing 
tile  South  Side  Filtration  plant!  It  sup- 
plies  clear,    filtered   water   to  over  one- 
and-a-half    million    people.     More    than 
'   501)    M.C.I),     (million    gallons    daily) 
1  are   processed    and    used   by   Chicagoans. 
The    proposed    Central    District    Filtra- 
I  t  on  plant  will  provide  filtered  water  to 
approximateh'  3,000,000  people  residing 
!  in   the    northern    two-thirds   of   Chicago 
j  and    adjacent    suburbs.    The    plant    will 
I  have  a  rated  capacity  of  960  M.G.D. 

The  Central  District  Filtration  Plant 

^  will  occupy  hi    acres  of  made  land  400 

feet  north  of  Navy   Pier  and  some  500 

to  1.500  feet  east  of  Lake  Shore  Drive. 

I  (see  plan)    It  will   be   the   largest    (and 

[  most   expensive)    filtration   plant   in    the 

world.  The  original  estimated  cost  of  the 

j  plant     originally     was     $61,700,000,     a 

I  more  recent  estimate  being  approximate- 

I  ly  $85,000,000. 


There  are  several  reasons  why  the 
lake  front  site  was  preferred  over  an\' 
of  the  other  sites  studied.  The  two  most 
important  reasons  were  the  fact  that 
a  single  plant  at  this  location  would 
have  a  total  annual  operating  cost  of 
$140,000  less  than  separate  plants  for 
the  North  and  Central  district,  and  it 
would  ha\e  two  sources  of  suppl)' — the 
existing  tunnels  from  the  Dever  and 
Carter-Harrison  cribs,  and  a  lake-port 
intake  at  the  front  of  the  plant  itself. 

Water  filtration  is  simply  a  process 
b\  which,  after  removal  of  hea\\'  sludge 
water  is  let  stand  in  great  settling  tanks 
and  then  filtered  through  layers  of  rock 
and  sand  of  increasing  fineness  until  it 
merges  clear  and  almost  chemically  pure. 
Of  course,  when  you  consider  the  size 
of  Chicago  and  the  immense  consump- 
tion of  water  that  occurs  daily,  this  sim- 


ple process  becomes  much  more  complex. 
For  instance,  the  South  Side  Filtration 
Plant  draws  its  raw-water  supph  from 
either  the  Edward  F".  Dunne  Crib  or 
via  a  direct  intake  within  the  break- 
water off  the  shoreline  of  the  plant. 
Water  is  sucked  from  intake  basins  b\ 
eight  pumps  (with  a  total  capacit\'  of 
S40  M.C.D.)  located  in  the  low-lift 
pumping  station.  These  raise  the  water 
from  20  to  25  feet  to  the  two  raw-water 
conduits — one  above  the  other.  F"rom 
the  conduits  the  water  passes  into  mix- 
ing basins  where  it  is  thoroughly  mixed, 
and  then  processed  b>'  chemicals  both  to 
purify  it  and  to  speed  coagulation  of 
the  silt.  As  the  sediment  settles,  scrap- 
ers take  away  the  sludge,  which  is 
pumped  through  two  lines  out  into  the 
lake  on  the  .southeast.  After  passing 
through   501    feet  of  settling  basins   un- 


Schematic   diagram   of  the  central   district  filtration   plant. 


i  JANUARY,    1954 


37 


East  wall  of  cofferdam. 


(lergroiind,  the  water  arri\fs  at  the 
Filter  Building  (which  contaiji  511  fil- 
ters of  gravel  and  sand,  4by>"  in  depth, 
ranging  from  gravel  in  diameters  of 
.?/!>"  to  's"  to  sand  in  diameters  of 
0.62  mm.  to  I). 70  mm.).  PVom  the  fil- 
ter basins  the  water  passes  into  the  Fil- 
tered Water  Reservoir  from  which  the 
South  Districts  supply  is  drawn.  The 
Central  District  Filtration  Plant  will 
be  similar  in  operation  to  the  South  Dis- 
trict, the  main  difference  being  in  size. 
The  physical  layout  is  better,  the  pumps 
are  longer,  and  the  capacity  will  be 
three  times  as  great. 

From  a  structural  engineer's  stand- 
point, the  Central  District  Filtration 
Plant  offers  a  chance  for  new  construc- 
tion ideas  to  be  put  into  practice.  The 
foundations  consist  of  concrete  piers  and 
walls,  direct  on  bedrock,  anchored  to 
rocks  with  steel  dowels  to  protect  flo- 
tation of  the  plant  when  empty.  The 
bulkhead  surrounding  the  plant  is  a 
rock-filled  dam,  compos?d  of  clay-core 
fill  and  a  steel-shect-piling  cut-off  wall, 
driven  to  rock.  The  top  of  the  bulk- 
head is  capped  with  heavy  stone  (see 
picture)  to  protect  it  against  heavy 
waves.  The  first  steel  sheet  piling  was 
driven  on  February  21,  lOSl.  (see  pic- 
ture) 

Before  such  work  could  be  started 
however,  extensive  investigations  on  the 
foundation  conditions  existing  at  the 
plant  site  and  along  the  lines  of  the  con- 
necting tunnels  were  made.  These  in- 
vestigations included  a  large  number  of 
borings  througli  the  underlying  clay  at 
t!ie  site  to  determine  the  proper  foun- 
dation tvc.^tmcnt  for  th"  cofferdam  ansl 
tlie  plant  structures.  Also,  a  supersonic 
survey  v.-as  conducted  over  a  large  area 
to  determine  the  elevation  of  the  under- 
lying rock   formation. 


For  construction  of  substructure  and 
intake  wells,  low-lift  pumping  station, 
raw-water  conduits,  mixing  basins  and 
filtered  water  reservoirs,  reinforced  con- 
crete will  be  used  extensiveh.  The  re- 
servoir (see  diagram)  will  have  a  total 
capacity  of  67  million  gallons,  being 
960  ft.  in  length,  with  an  avearge  width 
of  480  feet,  and  having  a  20-foot  water 
depth.  The  roof  will  be  of  flat  slab 
construction  with  approximately  800 
columns  on  23-foot  centers  in  each  di- 
rection. 

Reinforced  concrete  will  also  he  used 
for  the  framework  of  the  chemical  build- 
ing, but  structural  steel  framework  se- 
lected for  the  superstructures  of  the  low- 


lift  pumping  station,  filter  building,  Ad- 
ministration Building,  and  control  lab- 
oratory. 

The  low-lift  pumping  station  will  be 
built  on  a  reinforced  concrete  substruc- 
ture, the  upper  portions  of  the  building 
framed  in  structural  steel  and  the  pump 
room  spanned  by  a  series  of  rigid  steel 
frames. 

Onh'  one  contract  has  been  let  for  the 
construction  of  the  plant  so  far.  This 
was  for  the  cofferdam  which  will  per- 
mit the  de-watering  of  61  acres  within 
which  the  major  structures  of  the  plant 
will  be  built.  The  low  bid  on  this  work 
was  $6,597,510,  and  approximately  $2.- 
1100,000  worth  of  work  has  been  done 
(111  this  contract  to  date.  The  reason  for 
only  the  one  contract  and  also  for  the 
work  stoppage  at  the  present  time  is 
that  a  number  of  property  owners  in 
the  area  of  Lake  Shore  Drive  filed  a 
complaint  in  Circuit  Court  against  the 
city  regarding  the  construction  of  the 
plant.  The  court  recently  (Aug.  28, 
1953)  rendered  an  opinion  in  favor  of 
the  complainants.  The  city  is  now  ap- 
pealing to  the  State  Supreme  Court  for 
a  re\ersal  of  this  decision. 

The  argument  of  the  property  owners 
was  that  the  construction  of  the  plant 
would  not  only  detract  from  the  beaut.\ 
of  the  lake  front,  but  it  would  also  de- 
crease the  value  of  property  near  the 
site.  They  also  believed  that  the  plant 
would  interfere  with  future  harbor  de- 
\elopment. 

As  far  as  beaut\'  is  concerned,  (see 
aerial  photograph )  in  a  report  by  the 
Chicago  Department  of  Public  Works 
(March,  1951)   it  was  stated  that: 

"This  filtration  park  should  be  the 
most    beautiful    addition    ever    made    to 
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Diagram   showing   layout  of  central   district  filtration    plant. 
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Cliic.it;ci's  lake  trout.  The  o|ipoitunit\  to 
\  icw  the  park  tioni  across  the  water 
and  the  large  amount  of  area  avaihible 
tor  landscaping  makes  this  possible. 
There  is  only  one  building  ot  an\ 
height  and  this  building  will  have  a 
ground  floor  area  of  only  110'  \  22(1' 
or  slighth'  more  than  one-half  acre.  .  .  . 
The  filter  buildings  will  be  about  2(1 
feet  high.  Except  on  the  east  side  there 
are  wide  expanses  of  lawn  between  the 
buildings  and  the  lake  front.  The  park 
will  serve  as  an  effective  shield  and 
barrier  against  industrial  encroachment 
from  the  south.  .  .  .  Landscaping  will 
include  trees,  lawns,  terraces,  shrubs, 
\ines    and  flowers." 

According  to  a  second  report,  made 
b\  Mr.  (jeorge  S.  Salter,  engineer  in 
charge  of  Filtration  Design,  "...  the 
Filtration     Plant    will    provide    a    400- 


First  piling  for  cofferdam  being 
driven  at  south  west  corner  of 
plant. 


toot   ship   anchorage   between    the   south 
wall   of   the   cofferdam    (see  plan)    and 
the  north  side  of  Navy  Pier,  and  thus 
make    usable    the    north    side    of    Navy 
I    Pier    for    shipping    purposes.    Also,    the 
I    city   proposes   to  develop   the  south   cof- 
I    ferdam    wall    for    dock    purposes.    This 
;    dock  will   permit   the  anchorage  of   two 
I    700-foot  ships  in  the  sheltered   area   be-' 
j   twecn    the    plant    and    Navy    Pier,    and 
j   the  dock  can  also  be  used  for  ships  and 
I    barges   bringing   supplies   for   the   opera- 
tion of  the  plant." 

Chicagoans  ha\e  ever\thing  to  gain 
and  nothing  to  lose  b\-  the  construction 
of  this  plant.  No  funds  will  be  obtained 
from  taxation.  Construction  of  the  plant 
is  being  financed  by  issuance  of  Water- 
works Certificates  and  by  monies  re- 
ceived from  water  revenues.  (As  of 
toda\',  Chicago  pays  less  for  water  than 
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Proposed   Flow  Diagram  of  Central  District 
Water  Supply,  Treatment,  a  Distribution  to  the  Home 


most  other  cities.)  All  construction  and 
operating  costs  of  the  Chicago  Water 
System  are  financed  from  re\'enues  de- 
ri\ed  from  the  operation  of  the  system. 
Part  of  the  expense  of  preparing  plans 
and  specifications  for  the  filtration  plant 
project  were  obtained  from  the  state  of 
Illinois,  as  a  grant,  and  some  monies 
have  been  obtained  from  the  Federal 
government. 

If  t'.ie  Supreme  Court  of  Illinois  reii- 
der.i  a  decision  in  favor  of  the  average 
citizen  rather  than  of  a  few  wealthy 
landowners,  Chicago  may  soon  have  the 
best  and  largest  filtration  plant  in  the 
world. 
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Ihe  great  majority  of  cast  iron  pressure 
pipe  produced  today  is  cast  centrifugaliy,  in  metal  or 
sand-lined  molds. 

When  this  mechanized  process  was  introduced  27 
years  ago,  its  potentialities  for  improved  production 
controls  were  evident.  For  human  fallibility  was  largely 
replaced  by  machine  accuracy  based  on  scientific 
principles. 

The  improved  production  controls  made  possible  by 
the  centrifugal  casting  process  have  long  since  been 
realized.  Hundreds  of  millions  of  feet  of  centrifugally- 
cast-iron  pressure  pipe  are  now  in  service.  All  of  th  is  pipe 
IS  more  uniform  in  metal  structure,  in  wall  thickness, 
and  in  concentricity,  than  pipe  not  centrifugally  cast. 

Better  production  control  means  better  pipe;  it  re- 
sults in  greater  uniformity  of  quality. 

Production  controls  in  cast  iron  pipe  foundries  start 
almost  literally  from  the  ground  up  with  inspection, 
analysis  and  testing  of  taw  materials;  continue  with 
constant  control  of  cupola  operation  by  metal  analysis; 
and  end  with  rigid  tests  of  the  finished  product. 


By  metallurgical  controls  and  tests  of  materials,  our 
members  are  able  to  produce  cast  iron  pipe  with  exact 
knowledge  of  the  physical  characteristics  of  the  iron 
before  it  is  poured  into  the  mold  of  a  centrifugal  casting 
machine. 

Cast  iron  pipe  is  the  standard  material  for  water 
and  gas  mains  and  is  widely  used  in  sewage  works 
construction. 

Send  for  booklet,  "Facts  About  Cast  Iron  Pipe." 
Address  Dept.  C,  Cast  Iron  Pipe  Research  Association, 
T.  F.  Wolfe,  Engineer,  122  So.  Michigan  Avenue, 
Cliicaqn.  3,  Illinois. 


Section  of  n4-year-old  cast  iron  gas 
main  still  in  service  in  Baltimore,  Md. 


(iJASI  IRON  MPE  llVrV,\i) 
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A  nother  page  for 


YOUR  BEARING  NOTEBOOK 


How  to  keep  buried  wheels 
turning  smoothly 

Hidden  under  the  pile  of  dirt  (see  arrow)  is  a  4-wheel 
truck  that  backs  up  this  ditch  digger's  whirling  buckets. 
To  prevent  breakdowns,  the  wheel  bearings  had  to  be 
able  to  absorb  the  shocks  of  boulders  and  the  digging 
action  itself.  And  they  had  to  be  protected  from  the  dirt. 
The  engineers  who  designed  this  application  licked  both 
problems  by  mounting  the  truck's  wheels  on  Timken® 
tapered  roller  bearings.  Timken  bearings  absorb  the 
shocks  because  they  have  tough,  shock-resistant  cores 
under  hard,  wear-resistant  surfaces.  And  Timken  bear- 
ings make  closures  more  effective. 


How  TIMKEN   bearings  help 
keep  dirt  out—lubricant  in 

Timken  bearings  make  closures  more  effective  because 
they  hold  the  housings  and  shafts  concentric.  As  a  re- 
sult, dirt  can't  get  in  —  lubricant  can't  get  out.  Main- 
tenance is  minimized.  Continuous,  trouble-free  opera- 
tion is  assured. 


S  TIMKEN 


TAPERED  ROLLER  BEARINGS 


Want  to  learn  more  about 
bearings  or  job  opportunities? 

Many  of  the  engineering  problems  you'll  face  after 
graduation  will  involve  bearing  applications.  For  help 
in  learning  more  about  bearings, 
write  for  the  2  70-page  General 
Information  Manual  on  Timken 
bearings.  And  for  information 
about  the  excellent  job  opportuni- 
ties at  the  Timken  Company,  write 
for  a  copy  of  "This  Is  Timken". 
The  Timken  Roller  Bearing  Com- 
pany, Canton  6,  Ohio. 


NOT  JUST  A  BALL  O  NOT  JUST  A  ROLLER  oid  THE  TIMKEN  TAPERED  ROLLER  otd 
BEARING  TAKES  RADIAL  ^  AND  THRUST  -©-  LOADS  OR  ANY  COMBINATION  ^- 
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AEROSOL 

RESEARCH 


by   Warren   Conner,   M.E.   '56 


"It's  the  dusts  quantity,  when  ilhiiii- 
inated  by  a  powerful  and  strongly  con- 
centrated beam,  that  sometimes  appears 
enormous.  One  recoils  from  the  idea 
of  placing  the  mouth  at  the  intensely 
illuminated  focus  and  inhaling  the  swim- 
ming dust  there.  Nor  is  the  disgust  re- 
moved by  the  reflection  that  at  a  dis- 
tance from  the  focus,  though  we  do  not 
see  the  dust,  we  are  breathing  precise- 
ly the  same  air." — John  Tyndall. 

The  air  about  us  contains  billions 
of  small  particles  of  every  description 
and  diverse  composition.  Many  of  these 
particles  settle  out,  while  multitudes 
more  are  destined  to  float  aimlessly,  but 
ceaselessly,  for  lengthy  intervals  of 
time.  Many  of  these  particles  arise  from 
natural  processes,  such  as  dusts  stirred 
from  dry  areas  by  the  wind,  evaporation 
of  sprays  from  the  sea,  and  photosyn- 
thesis from  vapors  released  from  trees 
and  plants. 

The  .size  of  these  particles  is  ex- 
tremely small.  They  may  be  as  large  as 
a  raindrop  and  yet,  by  air  action,  re- 
main afloat  for  a  duration  of  time.  The 
extremely  small  particles  that  float  about 
are  called  aerosol  particles  and  are  of 
the  order  of  ten  microns  in  magnitude 
or  smaller.  To  orient  the  size  of  an  aero- 
sol particle,  let  us  examine  the  size  of  a 
micron.  A  human  hair  is  in  the  order  of 
twenty-five  microns,  while  small  bac- 
teria measure  from  one  to  ten  microns 
in  size.  The  mass  of  an  aerosol  parti- 
cle is  extremely  small  also.  The>  aver- 
age about  10""'  grams.  It  is  aerosols 
that  we  see  in  a  fog,  a  haze,  and  in 
smoke.  A  small  \olume  may  contain 
fabulous  numbers  of  these  particles. 
K\en  in  the  country  where  the  air  is 
relatively  free  from  smoke  and  indus- 
trial dusts,  the  concentration  of  these 
particles  in  the  air  that  are  detectable 
only  by  a  microscope  exceeds  a  million 
per  cubic  foot.  If  the  range  is  extended 
by  the  iiltramicroscope  to  include  small- 
er aerosols,  the  count  is  increased  as 
much  as  twenty-fold.  In  industrial  areas, 
where  smokes  and  fumes  are  discharged. 


the  concentration  may  be  greater  by 
another  order  of  magniture.  A  simple 
estimate  baseil  on  the  known  screen- 
ing effect  of  oil  smoke  at  the  optimum 
droplet  size  of  about  0.^  micron  dia- 
meter   shows   that    the   concentration    of 


Dr.  C.  Y.  Chen  in  his  laboratory  at 
his  diffusion   filtration    apparatus. 

particles  in  a  blue  ha/e  with  a  \isibility 
of  three  miles  is  about  forr\-fi\e  mil- 
lion per  cubic  foot.  For  intense  smog 
of  low  visibility,  such  as  occurs  in  Los 
Angeles,  the  concentration  is  often  ten 
times  greater.  These  high  particle  counts 
and  effective  light  scattering  by  small 
aerosol  particles  are  very  different  from 
ordinary  fog  in  which  the  droplets  range 
from  S  to  50  microns  diameter  and  the 
count  is  2(),()0()  to  10(1, ()()()  per  cubic 
toot. 

Atmospheric  aerosols  ma\  be  from 
approximately  .OS  to  10  microns  in  dia- 
meter. There  is  thought  to  be  no  muii- 
mum  diameter  for  these  particles,  bur 
man's    ingenuity    and    senses    limits    him 


to  be  certain  about  the  functions  and  ac- 
tivities of   the  smallest   aerosols. 

Let  us  examine  the  air  that  we 
breathe.  .Man  breathes,  imder  normal 
activity,  about  one-half  cubic  foot  of  air 
per  minute.  Suppo.se,  on  the  average,  the 
diameter  of  the  particles  he  inhales  is 
O.S  micron,  and  the  density  is  that  of 
water.  In  a  lifetime  of  seventy  years  in 
air  containing  five  million  particles  per 
cubic  foot,  he  would  inhale  about  six 
grams  of  particles,  and  only  a  small  por- 
tion of  these  would  he  retained  in  the 
respiratory  system.  This  ilhistrates  one 
important  feature  of  atmospheric  aero- 
sols, namely,  the  \ery  low  mass  concen- 
tration. 

The  forces  which  act  on  aerosols,  of 
which  there  are  many,  are  complex  and 
difficult  to  understand  unless  one  con- 
siders the  various  forces  acting  on  an 
isolated  aerosol  particle.  Then  the  forces 
can  be  explained  by  classical  mechanics. 
A  list  of  the  individual  forces  which  may 
;ict  on  aerosol  particles  are  given  as 
such  : 

(Gravity    F,=M, 

Fluid 

Resistance    ....F,,^— (1    Z)(u — v) 

Electrostatic    F„^9pE 

Thermal  F,=-Kt  gRAd  T 

Other  forces  may  seem  to  influence 
the  motion  of  aerosols,  but  the\  are 
either  negligible  or  their  significance  is 
doubtfid.  In  any  event,  to  be  considered 
seriously,  they  should  be  of  the  order  of 
magnitude   of   the   gravity    force. 

It  has  been  suggested  that  the  elec- 
trical force  is  by  far  the  most  influenc- 
ing force  determining  whether  the  aero- 
sol particles  will  settle  out.  It  may  be 
possible  for  the  particle  to  be  attracted 
or  repelled  by  an  electrostatic  force 
greater  than  ten  times  that  of  gravity. 

The  University  of  Illinois  chemical 
engineering  department  is  studying  the 
formation  and  behavior  of  aerosols.  The 
research  being  conducted  is  largely  fun- 
damental, but  applications  relating  to 
aerosols,  their  supply,  control,  and  de- 
position are  readily  formed  through  this 
e\tensi\e   research. 

The  aero.sol  group  under  the  direction 
of  Dr.  H.  F.  Johnstone,  is  .so  divided 
up  that  each  individual  working  in  the 
group  studies  the  action  of  one  particu- 
lar force  on  aero.sols. 

Mr.  S.  K.  Friedlander,  who  is  con- 
ducting research  on  the  deposition  of 
aerosols  b\-  turbulent  forces,  studies  aero- 
sol particles  with  the  aid  of  a  micro- 
scope to  measure  the  amount  of  parti- 
cles deposited  from  a  moving  aerosol- 
gas  mixture.  It  appears  that  the  parti- 
cles deposite  more  rapidly  as  turbulence 
increases.  Very  few  particles  are  re- 
moved when  the  gas-aero,sol  flow  is 
streamline  according  to  'Mr.  Friedlan- 
der. 

Mr.    Saxton    has    studied    the    effects 
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Titanium   Dioxide  aerosol   particles. 

improvement  of  gas  masks.  Dr.  Chen 
is  studying  diffusion,  a  mechanism  which 
is  peculiar  to  relatively  small  aerosol 
particles. 

Dr.  James  Wong  conducted  research 
on  the  inertial  forces  affecting  aerosol 
removal  in  filtration ;  his  studies  have 
been  concerned  with  aerosols  composed 
of  larger  particles. 

Mr.  Kraemer  has  been  conducting 
research  on  the  electrostatic  forces  af- 
fecting aerosols.  He  passed  a  gas-aero- 
sol mixture  (with  the  aerosol  particles 
all  charged  with  like  charges)  around 
a  sphere  which  was  charged  oppositely. 
-Mr.  Kraemer  theorized  and  predicted 
the  results  of  this  experiment  with  fair- 
ly   high    accuracy.    Mr.    H.    Suchan    is 


now  studying  how  to  apply  Mr.  Krae- 
mer's  theory  to  specific  problems. 

The  Atomic  Energy  Commission  is 
sponsoring  some  of  these  projects  as 
they  are  interested  in  how  to  control 
radioactive  aerosols  that  arise  from  the 
manufacture  of  manv  radioactive  pro- 
ducts. 

All  the  research  being  carried  on  at 
the  University  of  Illinoi  sis  building  the 
basic  foundation  for  this  relatively  new 
science.  The  science  of  aerosols  is  com- 
plicated and  its  uses  are  great  in  num- 
ber. The  infant  science  of  rainmaking  is 
being  furthered  by  this  science.  Air  pol- 
lution is  a  grave  problem  especially 
when  it  is  considered  with  atomic  pro- 
cesses which  yield  deadly  radioactive 
aerosols ;  engineers  and  scientists  will 
now  be  able  to  lick  this  problem  along 
with  fog  and  smog  dispersion.  As  in 
ain  new  science,  the  basic  laws  must  be 
established,  and  that  is  what  is  being 
done  today  in  Aerosol   Research. 

Some  information  for  this  article  was 
taken  from  a  paper  written  by  W.  E. 
Ran/,  and   H.   F.  Johnstone. 


HISTORY  OF  A  JOKE 

I  minute — Freshman  thinks  of  a  joke 
and  tells  it  one  night  to  his  girl  friend 
on  the  steps  of  a  residence  hall. 

1  day — Joke  circulates  through  girl 
friend's  sorority  and  is  accidentally  over- 
heard by  senior  in  engineering. 

I  week — Engineer  sends  joke  to 
Technograph  (this  is  a  joke  itself) 
claiming  originality.  Editor  of  Techno- 
graph happens  to  desperately  need  five 
more  lines  of  copy,  takes  a  chance  on 
getting  expelled  from  school  by  using  it. 

1  month — Joke  appears  in  back  part 
of  magazine  among  ads.  The  Dean  sees 
joke  and  chastises  editor. 

1  year — Joke  circulates  through  every 
engineering  college  magazine  from  Lou- 


isiana to  Minnesota,  New  \  ork  to  Cal- 
ifornia. 

2  years — (jag  writer  for  a  radio  pro- 
gram finds  local  college  magazine  on  a 
bus  and  sees  jokes  therein.  Joke  is  heard 
on  next  week's  program,  (tag  writer 
loses  union  card. 

,?  years — Readers  Digest  prints  joke 
from  radio  program. 

4  years — College  professor  finally  gets 
around  to  reading  the  issue  of  Reader's 
Digest  and   laughs  heartih'  at  joke. 

3  to  30  \ears — College  professor  uses 
joke  to  begin  first  lecture  at  start  of 
each  term. 

*      «      * 

Mother:  "What  took  you  so  long  to 
say  goodnight  to  that  fellow?" 

Daughter:  "Rut,  mother,  if  a  boy 
takes  >ou  to  a  movie,  the  least  you  can 
do  is  kiss  him  goodnight." 

.Mother:  "Hut  I  thought  \ou  wern 
to  El   Morocco.  " 

Daughter:  "Yes,  mother." 


A  despondent  old  gentleman  emerged 
from  his  club  and  climbed  into  his 
hmousme. 

"Where  to,  sir?"  asked  the  chauffeur. 

"Drive  off  a  cliff,  James,  I'm  com- 
mitting suicide.  " 


(^le  walked  into  the  saloon  and  asked 
for  a  shot  of  squirrel  whiske\ . 

"Sorry,"  said  the  bartender,  "but  all 
we  have  is  Old  Crow." 

"1  don't  want  to  fly — I  yust  want 
yunip  .around   ;i  little." 


Then  there's  the  bacheloi-  wh<i  got 
thrown  out  of  his  apartment  when  the 
landlad\'  heard  him  drop  his  shoes  on 
the  floor  twice. 
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Whenever  fastening  problems  arise. 


Consider  ELASTIC  STOP  NUTS 


lOOK  FOR    f=-r^5    THE  RED 
LOCKING  COLLAR 

If  is  fhreadless  and  resilienf.  Every  bolt  impresses 
(but  does  not  cut)  its  full  thread  contact  in  the 
Red  Elastic  Collar  to  fully  grip  the  bolt  threads. 
In  addition,  this  threading  action  properly  seats 
the  metal  threads  —  and  eliminates  axial  ploy 
between  bolt  and  nut  threads.  All  Elastic  Stop 
Nuts— regardless  of  type  or  size— lock  in  posi- 
tion anywhere  on  a  bolt  or  stud,  maintain 
accurate  adjustments  and  seal  against  liquid 
seepage.  Vibration,  impact  or  stress  reversal 
does  not  disturb  prestressed  or  positioned  set- 
tings. 


Whenever  fastening  presents  a  problem  — ESN  A  is  ready  with  a  quick 
answer.  More  than  3000  types  and  sizes  of  self-locking  vihration-proof 
fasteners— plus  the  "know-how"  of  E.SNA  engineers— are  available  here 
at  ESNA. 

ESNA  has  long  been  known  as  "design  headquarters"  for  self-lock- 
ing fasteners.  Accepted  by  Army,  Navy  and  Air  Force,  virtually  every 
aircraft  built  in  the  past  decade  has  been  Elastic  Stop  Nut-equipped.  On 
the  railroads,  in  the  oil  fields,  on  automobiles  and  construction  equip- 
ment. Elastic  Stop  Nuts  manufactured  to  exacting  quality  control  stand- 
ards, are  doing  specialized  jobs  every  day. 

Be  familiar  with  the  design  help  ESNA  offers.  Write  us  for  details 
on  Elastic  .Stop  Nuts.  Elastic  Stop  Nut  Corporation  of  America,  2.3.30 
Vauxhall  Road,  Union,  N.  J. 


ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA 
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The    University    of    Illinois 


ABBOTT 
POWER  PLANT 

bv  Charles  Runyan,   E.E.  '57 


Ihv  I'niversitN  of  Illinois  has  com- 
pleted a  building  program  to  enlarge 
and  improve  its  facilities  for  handling 
its  growing  student  enrollment.  To  sup- 
ply steam  and  power  to  the  new  build- 
ings, research  laboratories  and  other  fa- 
cilities, the  L  iii\ersit\ 's  power  plant  has 


The  power  plant  when  first  built  con- 
tained 80,000  pound-per-hour  horizontal 
cross-drum  straight  tube  boilers,  gener- 
ating steam  at  325  pounds-per-square 
inch,  650  degrees  total  temperature  for 
two  .^000  kilowatt  steam  tmbine  gen- 
erator  units,    which   supplied    extraction 


A  view  of  the  plant  showing  the  200  ft.  chimneys.  The  plant  is  one  of 
the  most  modern  in  Illinois.  It  is  equipped  with  dust  collectors  which 
nearly  eliminate  the  soot  nuisance.  Three  men  per  shift  can  operate  and 
maintain  the  plant. 


I  expanded  b\-  adding  two  turbine  gener- 
'  ator  units  and  a  fourth  steam  generat- 
ing unit. 
1  The  Abbott  power  plant  was  built  in 
1940  at  the  west  end  of  the  campus, 
I  and  was  named  after  VV.  L.  Abbott, 
I  who  had  been  chief  operating  engineer 
!  of  Commonwealth  Edison  Co.,  for  50 
j  years,  and  had  ser\ed  for  IS  years  on 
1  the  University's  board  of  trustees,  14  nf 
I  them  as  its  president. 


and  exhaust  steam  at  pressures  \ar\uig 
between  10  and  70  lb.  sq.  in.  from  sum- 
mer to  peak  winter  heating  load.  Li\e 
steam  is  .sent  ilircctly  from  the  boilers 
through  pressure  reducing  and  desuper- 
heating  stations  into  the  steam  distri- 
bution mains  at  150  lb.  sq.  in.  450  de- 
grees V  to  serve  process  requirements  on 
the  campus.  The  generators  supplied 
electric  power  at  41(")()  volts  to  the  elec- 
trical distribution  system.  The  building 


was  designed  to  house  three  steam  gen- 
erator imits  and  three  turbine  generator 

units. 

Early   in    1''4^   the  plant  was  lacking 
electrical  generating  and  steam  capacit\'. 


CHARLES    RUNYAN 

Charles  is  a  freshman  in 
Electrical  Engineering.  He 
spent  four  years  as  o  tech- 
nicol  instructor  while  serv- 
ing in  the  Air  Force  before 
coming  to  the  University 
of  Illinois.  He  is  a  grad- 
uate of  Danville  High 
School. 


SO  during  the  '4^-47  biennium,  funds 
for  an  additional  boiler  and  generator 
was  requested.  In  1949  a  fourth  tur- 
bine generator  was  installed,  and  the 
turbine  room  was  extended  to  accom- 
modate it.  The  load  has  continued  to 
grow,  and  plans  are  being  made  to  in- 
stall  a   fifth   turbine. 

Ahbiilt  Plant  Totliiy 

The  plant  now  contains  four  80,000 
lb.  hr.  boilers  and  four  turbine  genera- 
tor units  of  ,^000  kw  capacity.  All  boil- 
ers are  coal  fed.  Two  of  the  boilers  are 
equipped  to  use  oil  in  case  of  an  emer- 
gency. The  coal  is  one  and  one-fourth 
in.,  washed  and  dryed  central  Illinois 
screenings  obtained  from  the  Vermilion 
county-Danville  region.  The  coal  is 
hauled  to  the  plant  in  50  ton  railroad 
cars.  It  is  then  dumped  into  hoppers 
which  feeds  the  coal  onto  an  apron  con- 
ve\or.  This  brings  the  coal  to  a  bucket 
conveyor  which  raises  the  coal  to  alinost 
the  top  of  the  plant  building  where 
scraper  conveyors  carry  it  to  the  coal 
bunkers.  There  is  one  bunker  for  each 
of  the  four  boilers.  Each  of  the  bunkers 
holds  100  tons  of  coal.  From  there  th-.- 
coal  feeds  by  gravity  through  a  pair  of 
scales  which  automatically  weighs  and 
records  all  coal  delivered  to  each  boil- 
er. From  the  scales,  the  coal  is  dumped 
into  a  spreader  shoot  which  spreads  coal 
evenly  across  a  slow  moving  chain  grate 
in  si.\  inch  layers.  The  chain  grate 
moves  slowly  through  the  furnace  boil- 
ers where  it  is  burned.  It  then  falls  off 
the  grate  into  ash  hoppers  which  can 
hold  about  eight  hours  coal  burning. 
The  hoppers  are  then  emptied  by  lifts 
and  placed  outside.  Most  of  the  ashes 
;ire  consumed  by  the  highway  depart- 
ment. 

(Rumpus  Hcutina  and  Electricity 

The  plant  supplies  electricity  for  I  7S 
major  and  minor  buildings  on  the  cam- 
pus, and  supplies  heat  for  78  major 
buildings.  In  the  winter  time  most  of 
the  steam  passes  through  the  turbines 
and  drives  the  generators  while  the  ex- 
haust is  used  to  heat  the  buildings.  The 
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The  design  engineer  trained  in 
welded  steel  construttion  is  best 
able  to  meet  industry's  need  for 
low  cost  manufacture  because 

WELDED  DESIGNS 
CUT  COSTS  50% 

BY  using  steel  instead  of  cast  iron, 
design  engineers  today  make  their 
products  more  efficient  .  .  .  many  times  at 
half  the  cost.  Product  designs  are  strong- 
er, more  rigid,  take  less  material  to  build. 

Too  little  attention  is  usually  devoted  to 
simplification  of  product  designs  to  elim- 
inate costly  manufacturing  manhours 
once  a  basic  design  is  established.  Where 
designers  reappraise  product  details  for 
v.elded  steel  construction,  production 
costs  arc  being  cut  an  average  of  5^^  com- 
pared with   manufacture  using  castings. 

Manufacturing  operations  are  simpli- 
fied with  welded  steel  design.  Rejections 
due  to  inferior  metal  are  eliminated.  Less 
machining  and  finishing  are  required. 
Finished  machines  are  streamlined,  more 
modern  in  appearance. 

In  the  example  below,  an  economy- 
minded  design  engineer  lowered  manu- 
facturing cost  on  a  machine  arm  and  cut 
weight  of  the  arm. 

Before  conversion  to  steel,  the  machine 
arm  required  182  pounds  of  gray  iron 
and  cost  S38.2  5  to  cast  and  machine. 
Welded  steel  design  weighs  only  86.8 
pounds  .  .  .  costs  S20.06. 


Fig.  1.  Original 
cast  construction 

oj  operating  ma- 

chinelever.  W'eighst82 

pounds .  . .  Costs  $38.25. 


Fig.  2.  Welded  steel 
design  is  strouger, 
stijjer  yet  weighs 
only  86.8  pounds... 
Costs  $20.06. 


DESIGN  DATA  for  welded  conifrucl/on  It  avail- 
able  fo  engineering  students  in  the  form  of  bulletins 
and  handbooks.    Write 

THE  IINCOIN  ELECTRIC  COMPANY 

Cleveland  17,  Ohio 

THE  WORLD'S  LARGEST  MANUFACTURER   OF 

ARC  WELDING  EQUIPMFNT 


Looking  inside  of  the  modern  Abbott  Power  plant,  University  of  Illinois. 
The  plant  is  now  equipped  with  four  turbine  generoting  units  (shown 
in  picture)  rated  at  3000  kilovolts.  The  original  control  panel  was  only 
one  third    the    present   size. 


steam  is  sent  out  through  distribution 
s>steni  which  consists  of  three  and  one- 
halt  miles  of  vmderground  concrete  tun- 
nels and  14  miles  of  piping,  which  if 
laid  end  to  end  would  reach  from  here 
to  Rantoul.  The  steam  is  sent  out  at 
50  lb.  'sq.  in.  on  a  cold  day  and  10  lb. 
sq.  in.  on  a  mild  spring  day.  These  un- 
derground tunnels  are  approximately 
six  feet  wide  and  eight  feet  deep.  In  the 
early  mornings  around  3  o'clock  when 
very  little  electricity  is  being  used  the 
exhaust  steam  is  not  sufficient  to  heat 
the  buildings.  The  steam  is  then  fed  di- 
rectly from  the  boilers  into  the  heating 
main  and  by  means  of  a  pressure  reduc- 
ing s\stem  the  .325  lb.  pressure  is  pro- 
duced to  the  10  lb.  or  50  lb.  pressure 
that  is  required.  During  an  average  day 
the  boilers  burn  150  ton  of  coal  and  as 
much  as  250  ton  on  cold  days. 

Detail.^   on  the  Boilers 

The  boilers  are  shaped  with  a  sloping 
fornt  arch,  a  moderate  rear  arch  and  a 
provision  for  as  much  as  10';  of  total 
preheated  combustion  air  to  be  intro- 
duced through  the  front  arch  as  over- 
fire  air.  This  overfire  air  is  drawn  from 
the  preheated  air  duct  by  a  separate  air 
fan,  and  is  discharged  to  an  air  duct 
feeding  the  overfire  air  nozzles.  The 
stoker  windbox  is  divided  and  dampened 
for  clo.se  control  of  combustion  air  sup- 
pl\  under  the  stoker  as  desired  b>  the 
operator. 

The  boiler  is  equipped  with  both  eco- 
nomizer   and    air    preheater,    and    has    a 


dust  collector  installed  following  the 
boiler  outlet  and  ahead  of  the  econo- 
mizer, air  heater  and  induced  draft  fan 
to  minimize  fly  ash  and  erosion  in  those 
three  units. 

The  forced-draft  fan  is  motor  dri\en 
at  constant  speed.  The  induced-draft 
fan  may  be  varied  by  adjustment  of  the 
hydraulic  coupling  between  fan  and  con- 
stant speed  motor.  The  combustion  con- 
trol adjusts  stoker  speed-changing  de- 
vices to  maintain  steam  pressure,  con- 
trols forced  draft,  and  controls  induced 
draft. 

Electric  Power 

Except  for  the  two  turbine-il  riven 
boiler  feed  pumps,  one  condensate  ele- 
vating pump,  and  one  hot  well  pump, 
all  other  boiler  anil  turbine  auxiliaries 
are  drixen  by  440  volt  motors.  These 
are  supplied  with  power  from  the  main 
bus  by  the  two  existing  750  k\a  auxili- 
ary power  transformers.  Generation  is 
at  4160  volts.  Electrical  controls  are 
operated  by  direct  current  from  motor 
generator  sets,  with  a  storage  battery 
floating  on  the  line.  The  interconnec- 
tion of  the  electrical  distribution  sys- 
tem with  the  transmission  system  of 
Illinois  I'ower  Co.,  through  the  substa- 
tion adjacent  to  the  plant,  is  to  provide 
for  emergencies.  The  electricity  is  gen- 
erated at  4160  V  and  fed  through  a  4 
wire  system  to  15  load  centers  located 
.uound  the  campus,  where  it  is  carried 
by  cable  to  individual  buildings  and  to 
((jontiniK  d  (in  Piigt    50) 
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ENGINEERING 

FOR 

NON-ENGINEERS 


by  Millard  Darnall 
Ag.E.  '56 


^ 


Finally  the  gap  between  engineers 
and  non-engineers  is  slowly  closing.  The 
General  Engineering  Department  here 
at  Illinois  is  offering  a  course  this  year 
of  the  philosophy  and  methods  of  engi- 
neering to  non-engineers  only.  The  num- 
ber of  this  course  is  G.  E.  250.  This 
course  on  campus  is  termed  as  "a  bridge 
across  Wright  Street." 

The  purpose  of  (i.  E.  2^0  is  to  ac- 
quaint non-engineering  students  with 
some  of  the  problems  and  methods  used 
by  engineers  and  also  with  some  of  the 
historical  development  of  the  engineer- 
ing profession.  It  is  thought  that  the 
non-engineer  woidd  benefit  from  a 
course  like  this,  since  many  times  he 
deals  with  engineering  and  could  make 
better  appraisals  of  what  falls  into  the 
domain  of  engineering. 

It  is  the  popular  conception  toda\'  to 
think  of  the  engineer  as  a  person  with 
books  in  one  arm  and  a  slide  rule  in  the 
other  and  figures  running  through  his 
mind  all  the  time.  (Mathematical  fig- 
ures, of  course).  The  purpose  of  this 
C(jurse  is  to  bring  into  view  the  amount 
of  technical  material  engineers  must 
take  and  how  this  knowledge  has  af- 
fected the  social  and  industrial  aspect 
of   the   world    through   the   vears.   This 


course  has  shown  to  be  of  great  in- 
terest to  wives  and  fiancees  of  engi- 
neers. 

The  course  is  divided  into  four  parts. 
The  first  part  deals  with  history  and 
how  engineering  developments  effected 
\arious  historical  developments.  Most 
history  courses  deals  with  primarily  the 
political,  social,  and  religious  develop- 
ments and  how  they  effect  our  lives. 
Along  with  these  three,  the  viewpoint 
of  engineering  and  engineering  de\elop- 
ments  is  discussed  and  how  engineering 
also  played  an  important  part  in  the 
world. 

The  second  part  of  the  course  deals 
with  the  characteristics  of  engineering 
and  defines  an  engineer.  They  discuss 
all  the  requirements  needed  for  a  good 
and  effective  engineer.  The  different 
phases  of  engineering  are  discussed  and 
just   what  each   field  contains. 

Another  aim  of  the  course  is  to  ac- 
quaint the  student  with  typical  prob- 
lems of  the  engineer.  Many  problems 
are  discussed  and  worked  using  the 
principle  laws  and  formulas  of  physics 
and  mathematics.  The  procedure  of  solv- 
ing an  engineering  problem  is  stressed 
and  how  this  method  is  useful  in  solv- 
ing any  other  problem  in  any  phase  of 
life. 

The  last  phase  of  the  course  deals 
with  the  sociological  aspects  of  engineer- 
ing. The  effects  of  engineering  on  indus- 
try, education,  family  life,  and  labor  are 
discussed.  It  was  through  engineering 
that  mass  production  was  started.  This 
caused  industry  to  boom  and  labor  to 
lag.  Through  inventions  of  skilled  ma- 
chines, skilled  labor  was  not  needed  as 
much  in  factories  as  before.  This  re- 
sulted in  the  formation  of  the  unions. 
This  is  but  .-m  example  of  the  many 
other  connections  between  engineering 
and  society. 

A  sequal  to  this  course  is  also  offered 
to  engineers.  The  course  number  is 
(t.  E.  220,  This  deals  mainly  with  the 
history     of    engineering     from     ancient 


times  to  the  present  and  the  social  ef- 
fects of  engineering.  Hecause  of  the 
amount  of  technical  courses  taken  b\'  the 
engineer,  the  section  of  engineering 
problems  is  omitted.  Also  the  one  deal- 
ing with  defining  of  an  engineer  is  left 
out.  G.  E.  220  is  an  elective  course  for 
engineers. 

Mr.  Dobrovolnv  is  the  instructor  in 
both  (1  E.  220  and  G.  E.  250.  He 
too,  could  be  considered  a  pioneer  as 
he  started  out  this  year  on  something 
new.  He  had  to  set  up  the  entire  course 
during  the  summer.  He  also  has  revived 
G.  E.  220  to  where  it  follows  G.  E. 
250.  These  courses  are  both  very  use- 
ful courses  to  engineers  and  non-engi- 
neers. 

I  hrough  this  course  and  others  which 
we  hope  will  soon  follow,  it  is  believed 
that  the  philosophy  of  engineering  will 
be  brought  to  other  students.  At  the 
present  time,  Illinois  is  the  main  figure- 
head in  building  such  a  "bridge."  Other 
universities  and  colleges  are  watching 
carefully  how  this  plan  works.  If  it  is 
successful,  no  doubt  there  will  be  com- 
parable courses  offered  in  other  schools. 


TV 

SLEUTH 


Industrial  television  turned  detective 
during  the  past  summer  and  sohed  a 
case  by  giving  police  an  eye-witness  view 
of   thieves   at   work. 

The  locale  was  a  stockroom  of  an 
RCA  television  service  branch  in  Holh- 
wood.  Inventries  had  disclosed  that  tele- 
vision equipment  was  being  stolen  on 
a  substantial  scale — .some  $38,000  worth 
(covered  by  insurance)  was  missing  on 
the  initial  check. 

Officials  on  the  spot,  recalling  the 
success  of  RCA  industrial  television 
eqiu'pment  in  function  as  an  "eye"  in 
locations  too  dangerous  or  inconvenient 
for  human  observers,  decided  to  try  the 
device  as  an  electronic  witness  to  the 
crime.  Summoning  the  police,  the\'  con- 
cealed the  camera  unit  among  the  rafters 
of  the  stockroom  with  the  lens  focused 
on  the  loading  platform.  The  rest  of  the 
unit — the  TV  recei\er  and  viewing 
screen — was  placed  in  a  second-floor 
room  some  distance  away. 

Every  day  for  two  weeks,  the  TV 
"eye"  was  trained  on  the  loading  plat- 
form as  police  watched  at  the  receiver. 
The  camera  recorded  the  routine  ac- 
tivities at  the  platform — but  it  also  re- 
corded the  suspicious  actions  of  one 
clerk,  who  casually  placed  a  number 
of  boxes  of  TV^  tubes  on  the  loading 
platform    during    the     lunch     hour    on 


JANUARY,    1954 


49 


Tui'sdavs  anil  'Ihiirxlays  when  tew 
orhfr  people  were  arouml.  At  a|)pareiitl\ 
pre-arran^eil  mrei\als,  a  pick-up  truck 
would  back  into  the  dri\e\va\,  the  boxes 
would  be  put  aboard  with  the  help  of 
the  suspect,  ami  the  truck  would  pull 
away — all  before  the  ga/.e  of  the  camera 
and  tile  intereste.l  watchers  at  the  TV 
screen. 

Once  the  facts  liad  been  made  clear 
by  the  TV  unit,  the  trap  was  set.  The 
police  at  the  reicever  waiteil  until  the 
truck  took  off  with  anoher  load  of  tubes. 
As  they  moved  in  to  arrest  the  clerk,  a 
police  car  trailed  the  truck  to  its  des- 
tination and  seized  the  <lri\er  and  t\M) 
allejjed   coti federates. 

The  hero  of  the  stor\'  is  an  industrial 
TV  unit  which  already  has  been  put  to 
scores  of  uses — patrolling,  guarding, 
transmitting  fingerprints  and  signatures, 
checking  numbers  of  freight  cars,  super- 
vising operations  of  machinery  at  a  dis- 
tance, riding  rockets,  and  generally  fit- 
ting itself  handih  into  locations  where 
direct  view  is  required  and  the  human 
e\e  cannot  go. 

Its  efficiencN  in  these  operations,  and 
in  its  newh-acquired  detective  role,  stems 
from  the  compactness  of  the  camera  and 
the  fidelity  with  which  it  transmits  what 
it  sees.  The  RCA  Vidicon  tube,  heart 
of  the  system,  is  only  six  inches  long 
and  an  inch  in  diameter.  The  camera 
that  is  built  around  the  tube  is  no  larger 


than  ,1   U)-mm  mo\  ie  camera  .ind  is  easy 
to  h.indle. 

The  unit  is  completed  by  a  connecting 
cable  and  a  compact  control  monitor 
with  a  ten-inch  viewing  screen.  Other 
receivers  can  be  attached  to  the  monitor 
if  required,  and  the  controls  allow  the 
camera  focus  to  be  controlled  from  the 
receiving  end. 

.'\lthough  TV  in  this  compact  form 
has  been  available  to  industr\'  for  less 
than  ten  \'ears  and  has  been  developed 
into  its  present  state  within  the  past  two 
\ears,  it  has  already  carved  a  vital  role 
itself  in  a  wide  variety  of  jobs.  Its  recent 
perlormance  in  Hollywood  was  a  new 
departure,  h.owever,  and  its  success  as  a 
witness  to  crime  promises  to  open  a 
broad  field  for  TV  as  an  electronic  arm 
of   the   law. 


ABBOTT   POWER   PLANT   .   .   . 

(C'liiliiiKcd  fini/i  Ptii^t    4h) 

a  transformer.  The  voltage  is  then  re- 
duced from  4I()()  \  to  12(1  \()lts  single 
phase. 

A  iitanidtic  ()  1)1' I  at  ion 
The  plant  is  automatic  to  the  nth 
degree.  It  requires  only  three  men  per 
shift  to  completely  operate  and  maintain 
the  entire  Abbott  power  plan.  From  the 
minute  the  coal  is  brought  in  on  the 
railroad  cars  it  is  handled  automaticalh. 
About  the  oid\   things  that  are  operated 


manuall>  .ire  the  electronic  switches  and 
buttons  on  the  emense  control  panel 
which  is  nearl\  as  long  as  the  building. 
-Mr.  (Jordon  \.  Carlson,  superintendent 
of  utilities,  thinks  that  the  Abbott  Power 
I'lant  is  one  of  the  most  modern  in 
Southern  Illinois.  He  states  that  the\' 
go  further  to  tr\  and  eliminate  the  soot 
nuisance  from  the  boilers  than  most 
plants.  The  two  chimnevs  are  2()()  ft. 
high,  iiearh  the  highest  structure  in 
this  locale.  The  reason  for  this  was  to 
discharge  the  gases  in  the  air  so  the\ 
would  be  disper.sed  over  a  wider  area. 
The  original  chimney  is  concrete  and 
the  newer  one  is  brick. 

Design  of  the  original  Abbott  Power 
Plant  Station  and  steam  and  electrical 
distribution  system  was  carried  out  by 
Sargent  and  Lundy,  consulting  engi- 
neers, Chicago,  cooperating  with  the 
Physical  Plant  Department  of  the  Uni- 
versity of  Illinois  which  maintains  and 
operates  all  the  physical  services  of  the 
University. 


Hill:  "The  girl   I   am  married   to  has 
a  twin  sister." 

Mac:    "(jee!    How    do   you    tell    them 
apart?" 

Hill:  "1  tlon't  try.  It's  up  to  the  other 
one  to  look  out  for  herself." 
■*      *     * 

First    engineer     to     second     engineer, 
"You  drive,   vou're  too  drunk  to  sing." 


IN  OUTSTANDIhG  BUILDINGS    EVERYWHERE 


JOHNSON 

AUTOMATIC 
TEMPERATURE 

CONTROL 


p*"^ 


k«Jl 


For  Superior  JTdves 
Specify 


Ift 


sigi^ 


Whether  for  handling  ammonia,  Freon,  or 
other  gases  and  liquids  at  high  pressures,  you'll 
find  Frick  valves  and  fittings  most  dependable: 
a  century  of  engineering  experience  is  built  into 
them.  Sizes  '/j"  through  14",  v/ith  or  without 
seal-caps;  stocks  in  principal  cities  everywhere. 
Get  the  whole  story  on  this  superior  equipment: 
write  for  literature. 


The  Frick  Gradual*'  Training  Ci 
ing^  operated  over  30  yexiri,o§ers 


Refrigeration  arul  Air  Cnrulil 
n  a  grouting  industry. 


Joliii^cjn.  unniiie  in  American  industry,  is  the  only 
nationwide  organization  devoted  exclusively  to 
inanulacluriiif;,  planning  and  installing  automatic 
temperature  and  air  conditioning  control  sys(ems. 
This  vast  reservoir  of  experience  is  readily  avail- 
able to  architects,  engineers,  contractors  and  owners 
ihrougli  the  large  staff  of  Johnson  engineers  in  the 
factory  and  80  direct  branch  offices. 

For  69  years,  Johnson  engineers  have  been  called 
upon  to  solve  every  conceivable  type  of  tempera- 
ture, humidity  and  air  conditioning  control  problem. 
Their  interesting  work  takes  them  into  industrial, 
business.  mIiic  ational,  large  residential,  [lublic  and 
iiistiliitioiial  buildings  of  all  sizes  and  types.  No 
wonder  Johnson  Control  is  first  choice  in  oulstaiid 
iiig  buildings  .  . .  everywhere!  JOHNSON  SERVICE  . 
COMPANY,  Milwaukee  2,  Wisconsin 


JOHNSON  ^y/ttA^nta/rc  UTetH/ie-tafuie 

an</ t.'^h  ^{'ori</l/t'onittff  CONTROL 

MANUFACTURING    •    PLANNING    •    INSTALLING    •    SINCE   188$       { 
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New  Law  Campus 


by  Donna  Rudig,  E.  Physics  '57 


The  new  law  building,  to  be  built 
on  the  site  of  the  old  R.O.T.C.  stables. 
will  be  the  first  bvu'lding  of  the  contem- 
porary style  on  the  campus.  It  will  be  a 
combination  of  completely  solid  walls. 
and  walls  entirely  of  glass  with   span- 


DONNA   RUDIG 

D 

nna    Is    a    freshmon 

Engl 

neering   Physics,    ond 

pledge    of    Alpha    Delta 

ity.     She    hos    the    d 

tine 

ion     of     being     one 

the 

few    women   students 

engi 

neering    ot    the    Unive 

sity 

of    Illinois^     She    is 

nati 

e   ot   Chicago. 

(iiels  ami  window  trim  of  aluminum. 
The  material  for  the  solid  walls  will  be 
the  red  brick  and  limestone  which  was 
used  in  the  other  buildings  on  campus. 
Professor  Richardson  of  the  University 
Architecture  Department  designed  the 
building  with  the  approval  of  Professor 
Sidli\an  of  the  College  of  Law.  and  the 
liiiilding  Committee. 

The  basic  design  of  the  structure  is 
two  blocks,  one  192  by  144  feet,  and  the 
other  16S  b\'  168  feet,  separated  by  a 
14(1  by  If)  foot  hall.  The  large  block 
will  be  two  stories  high  and  between  the 
two  blocks  will  be  an  inner  court.  The 
cost  of  this  structure  is  to  be  $2,460,001) 
which  includes  a  $160,000  contingency 
tiuKJ.  Workings  drawings  are  to  be 
rca(l\  b\  Februar\'  1,  and  bids  will  be 
open  tiom   Febru.iiy   1^  to   March   1. 

In  the  small  block  will  be  five  class- 
looms,  a  miniature  courtroom,  auditori- 
ums, and  a  Student  Lounge.  The 
ihsence  of  windows  will  be  a  noticeable 
tcature  of  the  building  and  all  lighting 
and  \entilation  will  be  artificial;  this  is 
til  help  eliminate  distracting  disturbances 
.111(1  make  classes  more  effecti\e.  All  the 
riassrooms  also  will  be  equipped  with 
M  reens  as  v\ell  as  blackboards  so  that 
\  isual  teaching  can  be  used  to  a  greater 
r\tent  that  it  now  is.  Theater  type  seats 
will  be  found  in  the  lecture  hall.  This 
hall  will  have  a  capacity  of  324  persons 
and  will  be  of  the  auditorium  type.  A 
screen  for  motion  pictures  will  be  one 
of  its  other  features.  The  practice  court- 
room will   be  a   duplicate  of  the   I'niteil 


States  District  Court  at  Peoria,  111.  On 
the  west  side  of  the  block  will  be  located 
the  student  lounge.  Since  its  main  pur- 
pose is  for  relaxation  it  will  be  made  as 
domestic  as  possible.  The  lounge  will 
have  the  ony  wooden  floor  in  either 
block,  the  rest  being  cement,  and  there 
will  be  drapes  at  the  windows  which 
compose  one  complete  side  of  the  room. 
The  window  will  be  facing  the  inner 
court.  A  small  kitchenette  will  be  in- 
stalled in  one  corner  of  the  lounge  for 
those  who  are  hungry  between  classes. 
Two  seminar  rooms  for  small  class 
discussions,  faculty'  offices,  and  the  li- 
brary will  be  located  in  the  large  block. 
The  north  side  will  be  the  facult\'  of- 
fices, all  ha\ing  the  same  orientation  and 
being  the  same  size.  This  similarity  of 
offices  will  tend  to  eliminate  any  con- 
tro\ersy  there  might  be  over  the  ques- 
tion of  which  person  should  have  the 
largest   office.    All    of    the    offices    open 


<lirectl\  onto  the  reading  area  of  the 
librar\  making  ready  access  to  any  neces- 
sary reference. 

The  library  will  have  the  standard 
ceiling  height  of  ten  feet,  making  it  pos- 
sible to  have  seven  and  one  half  foot 
stacks.  This  will  leave  a  two  and  one 
half  foot  clearance  for  air  circulation 
eliminating  to  a  great  extent  the  musty 
odor  which  is  common  to  libraries.  The 
stacks  will  be  movable  so  that  reading 
areas  may  be  developed  wherever  they 
are  most  needed.  There  u-ill  be  a  special 
room  to  contain  the  micro-film  and 
micro-file.  Also  off  the  main  reading 
room  will  be  a  typing  rom ;  this  will 
enable  students  to  type  needed  material 
directly   from   the  books  . 

The  open  stack  method,  which  allows 
students  to  find  their  own  books  instead 
of  having  to  ask  the  librarian,  will  b,- 
used  almost  entirely.  The  exception  will 
valuable  or  nonreplacable  books  which 
will  be  enclosed  in  a  separate  room. 
Though  it  is  quite  possible  that  more 
books  will  be  lost  by  using  this  method, 
the  College  of  Law  feels  that  the  library 
will  be  used  more,  which  is  more  impor- 
tant than  a  few  lost  books.  The  onl\ 
control  desk  will  be  at  the  main  en- 
trance, but  the  possibility  of  persons 
slipping  through  outside  doors  is  elimi- 
nated since  all  the  other  exits  are  for 
emergency  use  and  the  only  way  to  get 
OLit  them  is  by  breaking  the  glass  doors. 

The  second  floor  library  will  be  re- 
served  for  the   faculty   and   for  visiting 


Dean  Albert  Harno  (left)  of  the  College  of  Law  shows  Lloyd  Morey,  presi- 
dent of  the  University  of  Illinois  a  model  of  the  new  low  campus. 
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NSEPSD—    A  New  approach f 


Prime  contractors  to  our  Armed  Forces — M.  A.  C. 
is  engaged  in  the  design,  development  and  produc- 
tion of  airplanes,  helicopters  and  guided  missiles. 
One  of  the  newer  products  of  McDonnell  ingenuity, 
the  FlOl  Voodoo,  will  soon  join  the  arsenal  of  the 
U.  S.  Air  Force. 

McDonnell  engineering  planners  are  constantly 
alert  to  new  materials,  new  equipment  and  new 
techniques.  A  Flight  Test  Hanger,  Propulsion  Lab- 
oratory, Altitude  Test  Chamber  and  W'ind  Tunnel 
are  recent  additions  to  our  engineering  facilities.  We 
are  also  interested  in  new  engineering  talent — men 
who  can  contribiue  original  thinking — eiii^iriecrs  with 
a  new  approach. 

If  you're  lookine;  for  our  type  of  engineering — 
we're  looking  for  you.  Check  your  Placement 
Office  for  dates  when  the  McDonnell  rep- 
resentative will  visit  your  school.  Ask  him 
about  the  McDonnell  Graduate  Study 
Plan.  You  may  also  write  to: 

Technical  Placement  Supervisor 
Box  516,  St.  Louis  3,  Missouri 


i 
•J 


BOBBIE  S.  .SHARRAH 

Assistant  Chief  Dynamics  Engineer  —  Missile  Engineering  Division 

B-S.-^.E.  Iowa  State  College  '45 
M.S.  Applied  Mechanics  Washington  University  '52 

Pictured  in  front  of  our  REAC  installation. 
Bob  Sharrah  exemplifies  the  type  of  pio- 
neerinEj  spirit  essential  in  missile  engineer- 
ing. He  developed  a  new  and  useful 
approach  to  the  problems  of  stability  of 
guided  missile  control  systems  as  influenced 
by  aeroelastic  eff"ects.  At  twenty-eight. 
Bob  also  points  up  the  youthfulness  of 
M.A.C's  engineering  management. 

If  your  interests  lie  in  the  field  of  missile 
development,  a  challenging  career  awaits 
you  at  McDonnell.  We  need  more  young 
engineers  like  Bob  .Sharrah  —  engineers  wilh 
a  new  approach. 


BUILD  YOUR  FUTURE  WITH  A  COMPANY 


.  YOUNG  IN  YEARS,  YOUNG  IN  SPIRIT  AND   IDEAS 
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A  model  of  the  new  law  campus  to  be  built  at  the  University  of  Illinois. 


lawyers  and  judges  who  are  engaged  in 
research.  This  library  takes  the  place  of 
faculty  research  laboratories  in  the  sci- 
ence buildings.  On  the  south  side  will 
be  offices  for  the  visiting  lawyers,  and 
it  is  expected  that  there  will  be  many, 
for  this  library  is  one  of  the  best  in 
downstate  Illinois.  Reading  rooms  with 
the  outside  wall  almost  completely  glass 


also  will  be  located  on  the  south  side, 
being  separated  by  partitions  of  minimal 
size. 

The  rest  of  the  second  floor  will  be 
taken  up  by  the  administration.  It  is 
there  that  the  offices  of  the  president, 
vice  president,  etc.,  of  the  college  will 
be  located.  This  also  is  the  location  of 
the    stenographers    which    comprise    the 


>tenographic  pool  for  the  faculty.  There 
will  be  a  large  conference  room  for 
meetings  on  this  floor  also. 

In  the  basement  will  be  stack  space 
for  further  expansion  of  the  library 
u'hen  future  need  arises.  Space  also  is 
being  provided  for  mechanical  equip- 
ment and  a  compressor  for  future  air 
conditioning.  Separate  locker  rooms  for 
men  and  women  also  will  be  located  in 
the  basement.  The  lockers  will  be  large 
enough  to  contain  a  t\pewriter,  as  well 
as  coats  and  books. 

The  16  foot  corridor  connecting  the 
two  main  blocks  will  be  stone  paved  and 
have  both  sides  glass  to  provide  an  ex- 
terior feeling  as  a  contrast  to  the  "shut 
in"  classrooms.  All  parts  of  the  building 
have  been  designed  for  simplicity  and 
utility 


CAN  YOU  READ  THIS? 

Scvil/i    d(i:t    (/(,1,'fj 

1  ousin   hiissis   iriiiro 

Nojo  deinstriix 

Sunlit  cousin 

Sumit  dux 
Having   trouble?    Read    it    faster   and 
you  still  can't  get  it,  here  all  it  says: 

See.   Hill,  there  they  go — 

Thousand  buses  in  a  row. 

So.  Joe.  them's  trucks. 

Some  niit  cows  in. 

Some  mil  ducks. 


How  to  lick 

dust,  moisture  and  acid  fog 

prevalent   in    the   atmosphere   surrounding   the 
Romford,  Me.,  mill  of  the  Oxford  Paper  Company 
posed  a  problem  in  power  circuit  maintenance.  The 
combination  of  these  elements  caused  wooden 
structures  and   even  over-voltage   insulators  to 
become  conducting,  resulting  in  phase-to-phase  flashovers 
and  burndowns  when  ordinary  overhead  wires  were  used. 

The  solution  of  this  serious  problem  was  found 
by  substituting  Okolite-Okoprene  Self-Supporting  Aerial 
Cable  for  the  open  wires.  According  to  company  officials,  the 
combination  of  Okolite  high  voltage  moisture  and  heat  resistin 
insulation,  protected  by  non-conducting  weather  and  chemical 
resistant  Okoprene  sheathing,  has  eliminated  this  trouble. 

•     •     •     • 

Tough  jobs  are  the  true  test  of  electrical  cable  .  .  .  and 
installations  on  such  jobs  usually  turn  out  to  be  Okoaite. 


insulated  wires  and  cables 


MATERIALS-HANDLING  EQUIPMENT 

THAT  SPEEDS  WORK,  SPARES  MEN,  SLASHES  COSTS 

No  other  Mobile  Crane  of  this  type  has  all  the  features  of 
KRANE  KAR.  More  goes  into  KRANE  KAR  ...  you  get  more 
out  of  KRANE  KAR  .  .  .  more  speed,  more  work,  more  safety. 
Loads  and  Unloads  freight  cars,  trucks,  trailers  .  .  .  Stacks  and 
Stores  .  .  .  expedites  Plant  Maintenance. 

KRANE  KAR  handles  steel  stock  and  forms  of  any  shope  or 
size  within  capacity  (or  scrap  when  equipped  with  magnet); 
transmission  cases,  motors,  crankcases,  transformers,  etc.  Works 
in  fight  quarters,  low  headroom,  up  and  down  ramps  .  .  .  any- 
where, in  plant  or  yard.  Often  cuts  handling  costs  to  8^  a  ton.* 

Safest  Crane  in  its  class,  minimizing  injury  risks  to  men, 
materials,  machine.  Self-Stabilizing:  dangerous  use  of  Jocks 
or  stabilizers  eliminated.  Auionnatic  Power  Cut-Off  ot  ex- 
treme positions  of  Boom-Swing  or  Topping.  AofoVnotic 
Braking  of  Load  and  Boom  Lines.  No  Tail-Swing:  no  part 
of  Crane  passes  over  operator's  head. 
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USCRS:  General  Molon,  BelMehem 
eel,  Todd  Shipyordi,  Boeing;  Genera/ 
tcfric;   duPonI:  Pu/lmon  Standard;  etc. 


Pioneers    of    Heovy    Duty    Moteriols-Hondling    Equiprr 
Heovy   Duty    Fork    LIFTRUKs;   Crones,   Copstons,    and 
Trucfe    .     .     .     "SILENT    HOIST"   Car   Pullers   and    Be 


Silent  Hoist  6l  Crane  Co. 


895   63RO   ST..    BROOKLYN    20,    N.Y. 
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by  Larry  Keifling,  M.E.  '56 

and 
Warren   Conner,   M.E.  '56 

Titanium  for  Jets 

Titanium  now  seems  assured  of  a 
place  in  jet  engines.  This  point  has  been 
reached  only  because  metallurgists  were 
convinced  that,  in  spite  of  tremendous 
obstacles  to  the  production  and  use  of 
titanium,  the  advantages  to  be  gained 
were  outstanding. 

Titanium  has  three  qualities  that  grip 
the  attention  of  jet  men:  (a)  it  weighs 
only  two-thirds  as  much  as  ferritic  ma- 
terials but  is  equally  strong;  (b)  it  re- 
tains its  strength  up  to  about  800  de- 
grees F.  which  is  far  abo\c  the  limit- 
ing temperatures  for  aluminum;  (c)  ti- 
tanium is  almost  completely  unaffected 
by  salt  air  and  water,  much  more  so 
than  is  aluminum,  f.ven  after  the  knott\ 
problems  of  winning  the  metal  from  its 
ores  at  a  cost  wtihin  bounds  were 
solved,  problems  of  how  to  machine  ti- 
tanium threatened  to  wreck  the  pro- 
gram. Titanium  cannot  be  cut  by  ordi- 
nary techniques;  it  smears  on  the  tool. 
Jet-engine  metallurgists  found  the  an- 
swer, partially,  to  lie  in  machining  the 
material  at  a  low  temperature,  created 
by  bathing  the  tool  on  the  work  in  a 
stream  of  evaporating  carbon  dioxide 
(-112°F). 

The    techniques    of     using    titanium- 
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allo\  tor  jet  compressor  discs  ha\e  been 
solved.  Engineeis  are  now  working  to 
reduce  the  cost,  which  is  still  high.  Also, 
development  work  to  use  titanium  for 
compressor  blades  is  well  underway.  It 
appears  that  pure  titanium  metal,  rather 
than  an  alloy,  is  preferable  for  blades. 
Titanium  blades,  in  addition  to  their 
salt-air  corrosion  resistance,  have  a  two- 
fold advantage  accruing  from  their 
light  weight   for  a  given   strength.  The 


blades  themselves  are  lighter  and  tlie 
compressor  discs  to  which  they  are  ta^t- 
cncd  can  be  made  lighter  because  of  the 
lower  centrifugal  stresses. 

Color-tron 

C'H.S  Hxtron.  electrf)nic  tube  maiiii- 
tacturiiig  di\  ision  of  the  Columbia 
Broadcasting  System  recently  announced 
that  the  perfection  of  a  process  whereby 
color  television  picture  tubes  can  be 
mass-produced  with  the  same  standards 
of  qualit\  realized  in  present-day  black 
and    white   picture   tubes. 

The  CBS  tube,  known  as  the  "Color- 
tron,"  uses  a  curved-glass,  face-plate 
containing  250,000  phosphor  triads, 
each  of  which  has  one  red,  one  blue, 
and  one  green  dot.  Behind  this  plate 
is  a  thin  metal-and-glass  sheet  containing 
the  same  number  of  holes  as  triads.  The 
phosphors  are  printed  on  the  face  plate 
by  using  each  mask  as  an  indi\idual 
negative. 

The  new  process,  product  of  two 
years'  research  by  CBS  engineers,  should 
bring  the  price  of  color  television  sets 
down  considerabK  since  it  was  the  color 
tele\ision  tube  which  formerly  was  re- 
sponsible   for    its    prohibitive    cost. 

Water-Cooled  Germanium 
Rectifier 

In  this  e.xpenniental  water-cooled  rec- 
tifier, a  wafer  of  germanium  only  7  8 
inch  in  diameter  and  0.015-inch  thick 
delivers  200  amperes  (average)  direct 
current  at  100  volts.  The  rectifier  is 
still  in  the  developmental  stage.  While 
ratings  are  not  yet  exactly  known  the 
peak  back  voltage  is  expected  to  be  about 
110  volts  and  the  forward  voltage  drop 
at  200  amperes  average  (600  amperes 
peak  )    about  II.S  volt. 


Water-cooled   germanium    rectifier. 
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Only  STEEL  can  do  so  many  jobs  so  well 


steel  and  the  Stars  s.em  umelatiMl.  Hut  in  almost  every  attempt  man  makes  to  learn 
more  alioiit  his  universe,  to  build  bridges  to  the  unknown,  steel  plays  a  vital  part.  Here, 
for  example,  in  the  I'alomar  Observatory  housing  the  200-inch  Hale  telescope— world's 
largest— the  rotating  dome  with  precision  balanced  shutters  is  made  of  steel,  fabricated 
and  erected  by  United  States  Steel.  Only  steel  can  do  so  many  jobs  so  well. 


Springs  in  the  Corn. 

Many  farmers  have  dis- 
covered that  they  can 
greatly  reduce  cribbed 
corn  losses  resulting 
from  moisture  damage 
w;th  USS  American 
Flexi-Vents,  These 
large,  flexible  steel 
spring.s,  joined  in  long 
lengths. suitably  spaced 
throughout  the  crib, 
provide  ventilation  for 
stored  corn  and  guard 
against  mold  spoilage. 
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ZOOt  Chute.  In  the  processing  of  anthracite 
coal,  the  best-dressed  coal  chutes,  these  days, 
are  wearing  linings  of  Stainless  Steel.  For 
where  ordinary  carbon  steel  chutes  wear  out 
and  have  to  be  replaced  in  2  months,  chute 
linings  of  stainless  steel  give  5  years  of  effi- 
cient service.  In  addition  to  himdreds  of  tons 
of  coal.  17,500  gallons  of  water  flow  over 
the.se  chutes  each  day. 


OPPORTUNITIES 
WITH  U.S.  STEEL 

If  you're  thinking  about  what  you're 
going  to  do  after  graduation  ...  if 
you're  interested  in  a  challenging, 
rewarding  position  with  a  progres- 
sive company  .  .  .  then  it  will  pay  you 
to  look  into  the  opportunities  with 
United  States  Steel.  Your  placement 
director  can  give  you  more  details, 
or  we'll  be  glad  to  send  you  the  in- 
formative booklet.  "Paths  of  Oppor- 
tunity." United  StatesSteel  Corpora- 
tion. 525  William  Penn  Place,  Pitts- 
burgh 30,  Pennsylvania. 


This  trade -mark  is  your  guide  to  quality  steel 


UNITED   STATES   STEEL 

Fur  further  information  on  any  product  mentioned  in  this  advertisement,  write  United  States  Steel,  525  William  Penn  Place,  Pittsburgh,  Pa. 
AMERICAN  BRIDGE  .  .  AMERICAN  STEEL  S  WIRE  ond  CYCLONE  FENCE  .  .  COLUMBIA  GENEVA  STEEL  .  .  CONSOLIDATED  WESTERN  STEEL  .  .  GERRARD  STEEL  STRAPPING  .  .  NATIONAL  TUBE 
OIL  WELL  SUPPLY  .  .  TENNESSEE  COAL  8  IRON  .  .  UNITED  STATES  STEEL  PRODUCTS  .  .  UNITED  STATES  STEEL  SUPPLY  .  .  Dmuom  el  UNITED   STATES   STEEL   CORPORATION,   PinSBURSK 

UNITED  STATES  STEEL  HOMES,  INC.    •    UNION  SUPPLY  COMPANY    •    UNITED  STATES  STEEL  EXPORT  COMPANY    •    UNIVERSAL  ATLAS  CEMENT  COMPANY  4-415 
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our  cover 

Engineering  plays  a  vital  part  in  the  military  might  of  this 
nation.  Shown  on  the  cover  are  several  military  weapons,  each 
dependent  upon  vast  engineering  knowledge.  At  the  bottom 
is  the  atomic  cannon,  above  that  the  "skysweeper"  anti-aircraft 
gun  and  the  Boeing  B-52.  At  the  left  is  the  Nike  anti-aircraft 
rocket  and  at  the  right  is  the  F-lOO  fighter  plane.  (Cover  by 
Dave  Templeton) 

our  frontispiece 

At  the  Knolls  Atomic  Power  Laboratory  near  Schenectady, 
N.  Y.  is  this  huge  sphere,  as  high  as  an  18-story  building  and 
containing  3850  tons  of  steel.  The  sphere  is  used  to  house  the 
prototype  of  an  atomic  power  plant  for  submarines.  The  big 
ball  is  said  to  be  the  largest  of  its  kind  and  is  made  of  inch-thick 
steel  plates  joined  together  by  more  than  five  miles  of  welding. 
(Cut  courtesy  of  General  Electric) 


Simple  enough   now,   this  vertical  ascent   was   history-making   in   1939. 


act  coit  %emem^en. 

THE  FIRST  SUCCESSFUL  HELICOPTER 


Just  two  years  before  Pearl  Harbor,  Igor  Sikorsky 
took  the  controls  of  a  weird-looking  machine  — 
culmination  of  a  dream  of  thirty  years.  Moments 
later  it  rose  from  the  ground.  Though  the  flight 
lasted  only  a  few  seconds,  the  VS-300  became  the 
first  practical  helicopter  in  the  United  States. 

Less  than  six  months  after  Pearl  Harbor,  the  Air 
Force  took  delivery  of  the  first  military  Sikorsky. 

Since  then,  rapid  developments  prove  that  the 
helicopter,  most  versatile  of  military  aircraft,  has 
tremendous   commercial   potentials. 

Helicopters  of  the  future  will  be  the  product  of 
tomorrow's  engineers.  Sikorsky  is  young  and  grow- 
ing. It  offers  life-time  opportunities  to  young  men 
■who  choose  work  where  their  skills  and  abilities  will 
be   constantly   challenged. 


Perhaps  you  belong  at  Sikorsky  —  in  the  research 
departments,  the  drafting  rooms,  the  engineering 
laboratories. 

You  can  remember  the  first  successful  helicopter 
—  you  may  be  the  man  to  build  tomorrow's!  Learn 
more  about  employment  opportunities  at  Sikorsky 
from  C.  R.  Banks,  Personnel  Department. 


IKORSKY 


One   of  the  four   divisions  of  United  Aircraft  Corporation 


South  Avenue 


Bridgeport  1,  Conn. 
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HIDDEN  HENCHMAN  . . . 

Early  man  used  Nature's  rocks  and  stones  to  shape 
and  sharpen  his  crude  tools  and  weapons.  Today, 
industry  has  at  its  command  abrasives  that  will  do 
in  seconds  jobs  that  formerly  required  days  of 
tedious  toU. 

Yet  relatively  few  people  know  or  appreciate  the 
vital  labor-saving,  back-stage  role  which  abrasives 
play  in  the  production  of  practically  all  mechani- 
cally finished  articles. 

MAN-MADE  MINERALS  .  .  . 

Through  the  centuries  man's  ceaseless  search  for 
better  abrasives  has  paralleled  progress  in  produc- 
tion. Wheel-shaped  sandstones  replaced  rocks  .  .  . 
only  to  give  way  to  emery  and  corundum,  which 
were  sieved,  sized,  glued  to  paper  and  cloth  or 
bonded  in  pottery  mixtures  to  form  artificial  grind- 
ing wheels. 

But  it  was  by  the  discovery  of  silicon  carbide  and 
crystalline  fused  alumina — man-made  minerals  from 
the  electric  furnace — that  the  grinding  wheel  be- 
came a  high  speed,  precision  production  tool. 

AMERICA  WORKS  LIKE  THAT  . . . 

Industry's  insatiable  desire  to  improve  its  products 
and  make  them  available  at  lower  cost  has  sparked 


the  specialized  skills  and  knowledge  of  a  myriad  of 
men  .  .  .  has  led  to  the  development  of  thousands  of 
different  styles  and  types  of  abrasive  products  for 
innumerable  industrial  applications. 

America  can  work  like  that  because  it  has  an  all- 
seeing,  all-hearing  and  reporting  Inter-Communica- 
tions System. 

THE  AMERICAN  INTER-COM  SYSTEM  .  .  . 

Complete  communication  is  the  function,  the  unique 
contribution  of  the  American  business  press  ...  a 
great  group  of  specially  edited  magazines  devoted  to 
the  specialized  work  areas  of  men  who  want  to 
manage  better,  design  better,  manufacture  better, 
research  better,  sell  better,  buy  better. 

COMMUNICATION  IS  OUR  BUSINESS  .  .  . 

Many  of  the  textbooks  in  which  you  are  now  study- 
ing the  fundamentals  of  your  specialty  bear  the 
McGraw-Hill  imprint.  For  McGraw-Hill  is  the 
world's  largest  publisher  of  scientific  and  teclinical 
works. 

After  you  leave  school,  you  will  want  to  keep 
abreast  of  developments  in  your  chosen  profession. 
Then  one  of  McGraw-HUl's  many  business  maga- 
zines will  provide  current  information  that  wiU  help 
you  in  your  job. 


McGRAW-HILL    PUBLISHING   COMPANY,   INC. 
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A  "V"  for  Vengeance 


bv  Jim  Piechocki,  Aero.  E.  '55 


Any  (lisfiission  on  rockets  and  liif^h 
altitude  travel,  whether  carried  on  by 
technical  minds  or  science-fiction  enthu- 
siasts, will  invariably  turn  to  the  topic 
of  the  V-1  and  V-2,  the  two  Nazi  ter- 
ror weapons  of  World  War  II.  Fur- 
thermore, no  such  discussion  would  be 
complete  unless  some  time  and  thought 
were  given  to  these  two  hideous  crea- 
tions —  devices  which  struck  fear  into 
the  hearts  of  Londoners  in  the  waning 
days  of  the  blitz.  Yet  the  technical  man 
cannot  help  but  feel  a  spark  of  admira- 
tion for  these  two  weapons  because  they 
represent  one  of  the  most  outstanding 
engineering  accomplishments  of  modern 
man.  No  one  has  yet  dared  contest  this 
statement. 

It  woidd  be  difficult  for  one  to  trace 
the  origin  of  the  f  weapons.  Perhaps  it 
could  be  attributed  to  men  such  as  Von 
Braun,  Oberth,  Opel,  or  Valier — names 
which  are  synonymous  with  rocket 
achievement.  And  yet  Valier  with  his 
rocket  sled,  Oberth  with  his  amazing 
rocket  theories,  Opel  with  his  rocket- 
powered  glider,  and  thirteen-\car-old 
Von  Braun,  happily  scrambling  about 
the  early  rocket  experimenters,  never  can 
be  given  full  credit  for  the  creation  of 
the  V-1  and  V-2.  One  has  to  go  back 
even  farther  to  the  Nineteenth  Century 
French  experimenters,  to  the  rocket 
siege  by  the  Chinese  in  1232  A.D.,  to 
the  very  idea  of  high-altitude  travel  ex- 
pressed bv  the  (ireeks  as  early  as  1011 
A.D.  The  V-1  and  V-2  were'  the  cul- 
mination of  centuries  of  combined  hu- 
man efforts.  No  single  man  can  assume 
the  honor  or  the  blame. 

Where  the  Bay  of  Stettin  joins  the 
Baltic,  there  lies  a  small  triangular- 
shaped  island  which  seems  to  have  been 
left  unnoticed  by  civilization.  Passengers 
on  the  Baltic  avoided  it  for  the  simple 
reason  that  it  had  nothing  to  offer  in 
the  way  of  picturesque  scenery.  But  this 
did  not  deter  the  (Jerman  government. 
Nor  did  it  quell  their  interest,  for  it 
was  here  in  l')37  that  the  first  rocket 
research  institute  was  founded.  The 
name  of  the  place — Peenemunde.  Its 
purpose  —  the    production    of   explosive- 


carrying  lockct  \\e;i|)()ns.  Ver\'  few 
knew  the  name  then.  Today  Peene- 
munde stands  for  V-2. 

In  early  1942  the  British  were  well 
aware  of  the  "goings-on"  at  Peene- 
munde. Reconnaissance  airplanes  photo- 
graphed the  entire  area  with  no 
resistance  whatsoever.  In  fact,  early 
photographs  revealed  what  appeared  to 
be  a  tiny  airplane  posed  on  a  launching 
ramp.  This  was  their  first  glimpse  of  the 
V-1.  It  was  not  their  last.  After  a  clever 
bit  of  strategic  stalling,  the  British  de- 
cided to  strike.  And  strike  they  did,  for 
on  August  17,  1943,  a  very  costly,  but 
very  successful  raid  was  directed  upon 
Peenemunde  and  the  institute.  It  oc- 
curred at  a  convenient  time  too,  because 
approximately  7,000  researchers  and  of- 
ficials were  assembled  there.  Postwar 
investigations  revealed  that  1,000  per- 
ished in  the  raid,  among  them  some  of 
the  most  illustrious  names  in  the  rocket 
field.  But  it  came  too  late.  The  V-1 
and  V-2  already  were  being  mass- 
produced  in  German  factories. 

The  first  V-1  crashed  in  the  London 
area  late  in  the  evening  of  June  12, 
1944.  To  the  surprise  of  the  experts,  it 
was  no  rocket.  Its  means  of  propulsion 
was  a  long  "stovepipe"  duct  which  \\'as 
actually  a  small  jet  engine  in  itself.  The 
rear  of  the  duct  was  open  while  the 
front  contained  a  system  of  shutters 
which  swung  inward.  Combustion  con- 
sisted of  intermittent  explosions  in  the 
duct  which  closed  the  shutters  at  the 
front.  The  expanding  gases  rushed  out 
of  the  rear  of  the  duct,  thereby  dropping 
the  pressure  in  the  tube.  Hence,  the 
shutters  flew  back  and  allowed  another 
rush  of  air  to  be  mixed  with  a  fine  fuel 
spray.  Low-octane  aircraft  fuel  was 
used. 

The  length  of  the  V'-l  was  25.4  feet. 
The  stubby-looking  wings  spanned  17.67 
feet.  It  had  a  maximum  range  of  130 
miles,  although  a  few  were  known  to 
have  flown  as  far  as  170  miles  from 
their  launching  site.  Top  speed  was  360 
miles  per  hour,  just  above  that  of  the 
British  Spitfire  which  was  called  in  to 
defend    London.    The    V-1    had    .-i    total 


weight  of  7,00(1  pounds.  Its  \\-arliead, 
loaded  with  explosives,  weighed  2,000 
pounds  and  held  a  very  sensitive  deto- 
nating device  which  exploded  the  bomb 
on  contact,  thereby  causing  the  greatest 
damage  possible.  Before  its  engine  could 
ftmction,  it  required  an  airspeed  of  ISO 
miles  per  hour.  Therefore  it  had  to  be 
given  an  initial  "push"  at  takeoff.  This 
was  accomplished  by  a  huge  piston 
which  was  enclosed  in  the  launching 
ramp  and  driven  by  compressed  air.  On 
some  occasions,  a  rocket-powered  car- 
riage was  used  to  start  the  bomb  on  its 
journey.  Once  airborne,  the  V-l's  pro- 
pulsion duct  began  functioning  and 
quickly  accelerated  the  missile  to  its  top 
speed.  After  several  minutes  of  level 
flight,  a  clockwork  mechanism  locked 
the  elevators  in  a  down  position,  thereby 
pointing  its  nose  earthward  and  causing 
the  remaining  fuel  to  flow  away  from 
the  engine  duct.  This  cut  the  power  and 
sent  the  V-1   roaring  in  for  the  kill. 

The  V-1  had  many  serious  drawbacks, 
the  most  outstanding  being  its  inefficient 
engine.  Many  times  did  it  fail  to  start 
after  the  bomb  was  given  its  initial  velo- 
city, and  therefore  the  launching  crews 
were  subjected  to  great  dangers.  It  must 
have  been  a  hideous  sight  to  the  crews 
to  have  the  deadl\'  bomb  come  stagger- 
ing back  to  earth  after  its  short  flight. 
Another  shortcoming  was  the  fact  that 
the  bomb  was  easily  spotted  in  flight  b\' 
observers  who  relayed  their  sightings  to 
the  ever-present  antiaircraft  batteries. 

The  defense  of  London  against  the 
V-1  remains  as  one  of  the  most  valiant 
civil  defense  efforts  in  history.  The  most 
serious  problem  for  the  defenders  was 
the  altitude  that  the  bomb  attained. 
Had  it  flown  6,000  feet  the  heavy  3.7 
inch  antiaircraft  guns  would  have  had 
no  difficulties  with  it.  Or  had  it  flown 
around  1500  feet  the  40  mm  Bofons  — 
light,  quick  firing  weapons  —  would 
ha\e  haniiled  it  easih'.  But  the  V-1  actu- 
ally- flew  between  2,000  and  3,000  feet, 
that  is,  too  low  for  the  big  guns,  and 
still  too  high  for  small  arms  fire.  That 
the  British  overcame  this  problem  is 
now  a  well  known  fact.  RAF  and  Polish 
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pilots  soDM  (lisc()\iTcil  that  tlicy  could 
make  up  the  speed  deticit  b\  diving  tioni 
a  high  altituile  upon  the  bombs  and  get- 
ting them  in  their  sights  for  that  all  im- 
portant fleeting  instant.  They  also  deli- 
cateh'  maneuvered  their  craft  alongside 
the  bomb  and  tilted  it  over  with  their 
wing  tips,  sending  it  spiraling  to  the 
ground.  ."Xnother  method  was  disco\ered 
accidentlv  when  an  .'\merican  pilot  over- 
shot his  target  and  dived  in  front  of  the 
bomb.  The  turbulent  slipstream  upset 
the  missile  and  sent  it  into  a  dive.  Need- 
less to  say,  this  method  was  employed 
quite  frequently.  Halloon  barrages  were 
also  effective  and  on  one  occasion  ac- 
counted for  sixty  V-I's  in  a  single  day. 

The  V-1  took,  a  high  toll :  5,864  killed, 
17,197  injured  critically,  and  2.?, 174 
slightly  injured.  Damage  to  propert\ 
was  widespread.  The  first  V-1  precipi- 
tated that  hateful,  oft-heard,  BBC  re- 
port which  was  to  be  heard  throughout 
the  maddening  siege:  "Damage  was 
caused  and  there  were  some  casualties." 

But  the  German  front  was  already 
receeding  under  the  pounding  Allied  at- 
tack. Their  lines  of  battle  were  moved 
back  be\ond  the  130  mile  range  of  the 
V'-l,  and  consequenth'  the  bombings  be- 
came quite  infrequent.  B\'  August  M)  of 
that  year  V^-l  raids  had  dwindled  to  in- 
significant proportions.  In  the  short 
space  of  two  months  over  2,000  V-l's 
had  fallen  on  London.  Suddenly  the 
raids  stopped  completely  and  Londoners 
breathed  a  sigh  of  relief.  The  history 
of  the  V-1   was  finally  at  an  end. 

On  September  8,  1Q44,  the  first  V-2 
fell  on  London. 

Here  was  an  entireh  new  weapon, 
bringing  with  it  a  new  terror  to  the 
British  island.  The  same  old  purpose 
was  there,  however,  and  many  feel  that 
this  fantastic  weapon  was  the  last  fran- 
tic effort  of  a  maniacal  despot  to  strike 
back  at  his  conquering  foe.  It  was  the 
same  old  story,  man's  inhumanity  to 
man,  repeated  over  and  over  again,  this 
time  in  the  form  of  a  rocket-powered 
monster.  The  Fuehrer  himself  ordered 
mass  production  after  viewing  films  of 
research  successes.  The  Propaganda 
Ministry  changed  its  industrial  designa- 
tion from  A-4  to  "Vergeltungswaffe 
Zwei"— V-2. 

The  early  experimenters  must  have 
been  hardy  souls  considering  the  failures 
they  encountered.  The  first  V-2  was 
test-fired  on  July  6,  1942,  and  rose 
three  feet  off  the  ground,  fell  back,  top- 
pled, and  exploded  violently,  destroying 
the  entire  test  station.  The  .second  ex- 
ploded at  a  height  of  16,000  feet.  No.  3 
(lid  the  same.  But  No.  4,  fired  in  Octo- 
ber, 1942,  was  a  smashing  success,  as 
was  No.  5.  The  next  thirteen  attempts 
were  all  failures,  the  missiles  either  fail- 
ing to  take  off,  exploding  in  mid  air.  or 
breaking  in   two.    Had    No.    I''   not  per- 


formed successfully,  the  entire  project 
might    have   been   abandoned. 

.•\11  research  was  not  carried  on  at 
I'eenemiinde.  The  small  town  of  Bli/.na. 
Poland,  was  evacuated  to  make  way  for 
an  elaborate  test  station.  Here  loaded 
V -2's  were  made  ready  for  one  of  the 
most  vicious  experiments  in  the  history 
of  mankind.  The  target  was  the  tiny 
\illage  of  Sarnaki,  just  150  miles  north 
of  Blizna.  The  1,000  inhabitants  were 
forced  by  the  SS  to  remain  in  the  town 
and  lead  as  normal  a  life  as  possible. 
Over  one  hundred  V-2's  were  fired  on 
Sarnaki  in  an  attempt  to  discover  the 
extent  of  damage  that  a  bomb  could 
cause.  No  direct  hits  were  made.  The 
results  could  hardly  be  called  encomag- 
ing  because  very  few  casualties  resulted, 
and  if  the  test  proved  anything,  it  made 
clear  that  the  V-2  was  not  an  accurate 
weapon ;  but  German  factories  contin- 
ued to  turn  out  parts  at  an  ever  increas- 
ing pace. 

The  V-2  greatly  resembled  an  over- 
size aircraft  bomb.  Weighing  125j  tons, 
it  had  an  over-all,  length  of  46  feet.  Its 
nose  held  deadly  amatol,  a  mixture  of 
ammonium  nitrate  and  TNT.  Directly 
behind  the  warhead  was  the  instrument 
compartment.  It  housed  a  set  of  gyro- 
scopes and  an  automatic  device  which 
shut  off  the  fuel  supply  when  the  proper 
altitude  and  velocity  were  reached. 
Called  the  "Integrationsgerat,"  or  inte- 
grating accelerometer,  this  latter  device 
constituted  a  major  achievement  in  it- 
self.   Next    in    line    came    to    two    fuel 


tanks.  The  alcohol  tank  was  forward  of 
the  liquid  ox\'gen  t;uik  and  the  fuel  had 
to  be  pumped  through  the  oxygen  tank 
by  means  of  a  pipe  running  inside  the 
latter.  Both  tanks  employed  glass  wool 
insulation  and  were  slightly  pressurized 
to  avoid  their  collapse  when  partly 
empty. 

The  power  compartment  contaitied 
two  of  the  greatest  engineering  achieve- 
ments of  modern  man  —  the  fuel  pumps 
and  the  rocket  engine.  It  was  the  inven- 
tion of  a  workable  fuel  pump  that  made 
the  operation  of  the  V-2  possible.  The 
pumps  had  to  be  light,  rugged,  and  de- 
liver the  fuel  with  a  pressure  of  350 
poiuuls  per  square  inch.  Fuel  injectors 
had  the  gigantic  task  of  vaporizing  and 
mixing  287  pounds  of  prnpellants  a 
second  ! 

And  \'et  the  most  amazing  feature  of 
the  entire  project  was  the  rocket  engine. 
To  fully  realize  the  significance  of  this 
development,  one  must  merely  review 
the  staggering  demands  placed  on  the 
powerplant.  It  had  to  burn  that  huge 
volume  of  fuel  in  a  space  only  three 
feet  (length)  b\'  three  feet  (diameter). 
The  chamber  and  nozzle  had  to  be  kept 
cool  in  spite  of  an  exhaust  blast  scouring 
the  walls  at  a  velocity  well  over  a  mile 
a  second  and  at  a  temperature  of  3,000° 
Fahrenheit. 

The  contraption  which  accomplished 
all  these  things  was  a  clumsy-looking 
affair  which,  as  James  H.  Wyld  said, 
".  .  .  had  as  its  most  striking  feature  its 
\ery  lack  of  striking  features."  This  pic- 
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A  cutaway  drawing  of  the  German  V-2  rocket. 
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The  propulsion  unit  of  the  V-2  rocket. 


turc  of  simplicity  was  capable  of  devel- 
oping a  thrust  of  60,000  pounds  at  sea 
level.  That  is  about  ten  times  the  thrust 
developed  in  the  majority  of  today's  jet 
powerplants.  Looking  into  the  rear  of 
the  engine,  one  would  see  a  series  of  18 
cups  at  the  distant  end  of  the  chamber. 
They  were  arranged  in  a  small  circle 
of  six  surrounded  by  a  larger  circle  of 
twelve,  and  they  resembled  large  salt 
shakers.  The  alcohol  was  ejected  into 
the  chamber  through  tiny  openings  while 
the  oxygen  was  injected  through  a  dome- 
shaped  insert  in  the  top  of  each  mixer 
cup.  Combustion  occurred  at  the  burner 
cup-mouths.  Many  tiny  apertures  lined 
the  chamber  and  nozzle  and  through 
these  alchohol  was  spilled  onto  the  inner 
walls.  This  created  a  protecti\e  film 
which  cut  down  heat  absorption  b>-  the 
metal.  Alcohol  was  also  pumped  through 
a  surrounding  jacket  before  it  entered 
the  cups  and  thereby  assisted  in  the  cool- 
ing of  the  engine.  The  utilization  of  the 
fuel  itself  as  a  coolant  was  just  another 
in  the  long  series  of  ideas  which  made 
the  V-2  a  successful  weapon. 

The  exhaust  blast  was  quite  long. 
Emerging  from  the  nozzle  at  a  velocity 
of  7,000  feet  per  second,  this  hot  column 
provided  the  most  effective  means  of 
controlling  the  flight-path  of  the  V-2. 
A  series  of  four  vanes  reached  down  into 
rlu-  jet  blast  and  provided  the  ground 
'i|itiaror  with  a  remarkable  degree  of 
'iintrol.   Another  set  of  vanes  was  con- 


tained in  the  rear  of  the  external  "tail- 
fish"  fins  at  the  back  of  the  V-2.  Initial 
control  was  important  because  the  mis- 
sile was  extremely  unstable  in  its  first 
few  seconds  of   flight. 

The  V-2  needed  no  launching  ramp 
or  tower.  All  that  was  necessary  was  a 
reasonably  flat  area  of  ground  about  40 
feet  in  diameter.  All  radio  and  electrical 
equipment  was  preset  before  firing. 
Only  then  was  the  highly  volatile  oxy- 
gen fuel  pumped  into  the  tank.  Ignition 
was  accomplished  by  a  slow-burning, 
black  powder  cartridge  which  was  ig- 
nited electrically.  The  valves  were  then 
opened,  permitting  the  fuel  to  run  freely 
into  the  engine.  When  the  launchers  saw 
that  the  engine  was  burning  properh', 
the  turbine  which  ran  the  fuel  pumps 
was  started.  With  the  fuel  now  being 
forcibly  fed  into  the  engine,  power  in- 
creased. The  low  rumble  of  the  rocket 
became  a  roar,  then  a  scream,  and  sec- 
onds later  the  V-2  rose  like  a  huge  bird 
slowly  into  the  air  on  its  mission  of 
death.  And  the  launching  crew,  tense 
with  emotion,  broke  into  jubilant  cries 
as  the  rocket  became  a  speck  in  the  sky 
above. 

At  the  end  of  the  first  second  it  had 
a  velocity  of  ,?S  feet-per-second.  After 
two  seconds  of  flight,  its  airspeed  was 
76  feet-per-second.  It  lost  weight  quickly 
(287  pounds-per-second )  and  hence  its 
acceleration  increased  rapidly.  After 
eight  seconds  of  vertical  ascent,  the  con- 


trol vanes  titlted  the  rocket  to  an  angle 
of  45  degrees.  At  a  height  of  22  miles 
the  engine  produced  69,000  pounds  of 
thrust.  At  this  altitude  it  was  just  ap- 
proaching its  peak  velocity  of  one  mile 
per  second,  or  3,600  miles  per  hour.  At 
just  the  proper  instant,  the  Intergra- 
tionsgerat  stopped  the  engine.  The  V-2, 
with  no  power,  rose  for  another  35  miles 
due  to  its  tremendous  momentum.  Dur- 
ing this  period  it  slowly  lost  speed,  and 
after  approaching  an  altitude  of  59  miles 
above  sea  level,  it  began  its  journey 
earthward.  Five  minutes  after  takeoff 
the  bomb  struck  its  destination  with  a 
velocity  of  1,100  miles  per  hour.  Since 
this  is  supersonic  speed,  the  V-2  could 
not  be  heard.  It  could  be  seen,  however, 
because  the  air  friction  (due  to  such  a 
large  velocity)  heated  the  entire  missile 
to  a  dull-red  glow.  Hut  to  most  of  the 
Londoners,  the  warning  of  the  V-2's 
coming  began  —  and  ended  —  with  a 
deafening  explosion. 

A  total  of  4,300  V-2's  were  fired, 
with  2,000  crossing  the  English  coast, 
and  1,230  falling  on  London.  During 
the  interval  between  September  8,  1944, 
and  December  2i.  1944,  Londoners  un- 
derwent even  more  psychological  strain 
than  during  the  V-1  assault,  for  they 
came  to  realize  one  glaring  fact — against 
the  V-2  there  was  no  defense. 

But  Allied  superiority  to  the  East 
brought  about  a  subsequent  halt  to  the 
launchings.  This  could  not  have  come 
soon  enough,  because  only  Moscow  and 
the  Pentagon  now  know  how  close  Nazi 
researchers  were  to  the  perfection  of  an 
atomic  missile.  Then,  too,  something 
even  more  hideous  was  taking  shape  on 
the  German  drawing  boards — the  A-9 
and  A- 1(1,  and  Hitler's  fantastic  plot 
to    rocket-bomb    New   York. 

And  what  remains  today  of  the  V-1 
and  the  V-2?  The  information  garnered 
by  the  German  experimenters  now  is 
being  used  by  U.  S.  researchers  on  the 
vast  deserts  of  New  Mexico  and  on  iso- 
lated Pacific  islands.  Many  famous  men. 
Von  Braun  one  of  them,  now  are  work- 
ing on  rocket  projects  for  the  Armed 
Forces.  Then  too,  many  of  the  illus- 
trious have  disappeared  behind  the  Iron 
Curtain.  It  takes  no  superior  intellect  to 
deduce  what  these  men  are  "working" 
on.  One  solitary  fact  remains:  The 
Nazis  had  horror  weapons  in  1944  — 
we   have   them   now. 

Jiui  nlutf  llu  Bay  of  Stettin 
joins  the  Hii/lii  .  Picnciniindc.  that 
small  triangular-shaprd  is/and,  once 
again  lies  unnotired  hy  civilization. 
There  are  a  few  barren  patches 
where  green  foilage  never  ii'ill 
grow  again.  Jagged  ii'alls  throiv  up 
their  sides  and  stand  as  inute  statues 
— inock  symbols  of  the  activity  that 
onrc  was  there. 

Jim   Fiechocki 
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Scmehow,  somewhere,  meet  we  must. 


How  Men  Met  in   the 

First  International  C]onference 

On  Standards 

The  first  full-scale  formal  conference  on  international 
standards  was  held  almost  80  years  ago.  After  five  years 
of  preliminary  work,  the  "plenipotentiaries  of  most  of 
the  leading  occidental  nations,"  including  the  L.  S.,  met 
in  Paris  in  the  spring  of  liS75  to  attend  an  International 
Conference  on  Weights  and  Measures.  Of  the  10  nations 
present,  17  signed  a  convention  which  provided  for  the 
establishment  and  maintenance  of  a  permanent  Interna- 
tional Bureau  of  Weights  and  Measures  to  be  situated 
near  Paris.  The  French  Government  set  aside  a  plot  of 
ground  in  the  Park  of  St.  Cloud  for  the  Bureau  and 
declared   it  neutral   territory. 

The  latest  international  meeting  on  standards  was 
the  Second  Triennial  Plenary  Session  of  the  International 
(Organization  for  Standardization  (ISO)  held  June  0-21, 
1032,  in  New  York.  Thirty-four  national  standards 
bodies  belong  to  the  ISO,  the  American  Standards  Asso- 
ciation representing  the  United  States. 


Through  History  with  Standards 


(jOUrlcsx    Aiinr'ndn    Stantlrir/h   Assuciatiun 


How   the   Movies   Built   an    International 
Market  for  Their   Films 

In  tile  early  years  of  the  motion  picture  industry, 
stoppages  and  imperfections  in  films  were  common.  The\ 
were  caused  by  irregular  perforations  and  perforation 
spacings  in  the  film,  by  non-standard  motion  picture 
machinery,  and  by  non-standardized  methods  of  handling 
film  and  equipment.  In  1016  the  Society  of  Motion 
Picture  Engineers  cited  such  stoppages  as  a  main  cau.se 
for  the  lack  of  popularity  of  motion  pictures  among  large 
numbers   of    peop'e. 

Standards  ha\  e  completely  eliminated  these  difficul- 
ties. The  industry  is  now  highh'  standardized  in  processes, 
product  and  procedures,  not  only  in  this  country  but 
internationally.  After  the  American  Standard  for  the 
location  of  the  sound  track  on  16-mm  film  was  adopted 
internationally  in  the  1030's,  many  other  motion  picture 
standards  were  internationalized.  The  ASA  Sectional 
Committee  on  Standards  for  Motion  Pictures,  PH22, 
made  up  of  il  organizations,  has  developed  more  than 
6(1  American  Standards,  and  man\-  r)t  these  ha\e  found 
world-wide   acceptance. 

Today,  motion  picture  film  from  one  country  can  be 
projected  in  the  standard  equipment  of  any  other  country 
in  the  world. 
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A  weak   and    niggardly    projection. 
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Jules   Verne 


.  .  .  Master  of  Imagination 

by  Donna  Rudig,  E.  Physics  '57 


Jules  Verne,  one  of  the  early  masters 
of  science  fiction  who's  "Twenty  Thou- 
sand Leagues  Under  the  Sea  "  and  "Five 
Weeks  in  a  Balloon  "  have  become  well 
known,  was  born  in  Nates,  France, 
i  828.  As  a  young  boy,  he  was  fond  of 
adventure  and  talked  to  the  sailors  in 
port  whenever  he  got  the  chance.  At 
the  age  of  twelve  he  tried  to  ship  out 
as  a  cabin  boy  but  was  caught  by  his 
father,  and  taken  home  before  the  ship 
sailed. 

Though  Jules  studied  law,  his  active 
mind  was  soon  busy  in  the  more  versa- 
tile field  of  literature.  He  obtained  work 
in  the  theater  and  then  wrote  a  comedy 
in  verse  which  was  produced.  At  the 
age  of  twenty-nine  he  married  and  set- 
tled in  Paris  as  a  stockbroker,  content- 
ing himself  to  writing  plays  and  libret- 
tos as  a  sideline. 

About  this  time  he  joined  the  Scien- 
tific Press  Club  in  which  the  members 
were  currently  fascinated  by  the  possi- 
bilities of  the  balloon.  Jules,  even  more 
interested  in  the  balloon  than  were  the 
other  members,  began  work  on  a  story 
"Cing  Semaines  en  Balloon,"  or  "Five 
Weeks  in  a  Balloon  '  which  was  pub- 
lished in  1862  or  1863.  The  public  liked 
the  novel  so  well  that  the  publisher  of- 
fered him  a  contract  to  write  two  books 


Jules  Verne  (1828-1905) 


per  \ear  for  twenty  years  for  the  sum 
of  :/;4, ()()()  per  book.  The  then  unex- 
plored field  of  scientific  adventure 
seemed  like  a  gold  mine  to  Jules,  whn 
agreed  to  the  terms  of  the  contract. 

He  studied  widely  in  science  and  geo- 
grapiiy  to  get  new  ideas,  and  often  based 
his  stories  on  inventions  of  the  day  b\ 
foretelling  their  subsequent  technologi- 
cal developments.  In  1864,  he  published 
"A  Voyage  to  the  Center  of  the  Earth," 
a  story  of  the  adventures  of  men  who 
journeyed  to  the  earth's  core  by  means 
of  a  passage  in  the  crater  of  Mt.  Vesuvi- 
us. His  stories  seemed  so  plausible  that 
when  "From  the  Earth  to  the  Moon" 
was  published,  many  people  offered  to 
accompany  him  if  he  journeyed  to  the 
moon.  "Around  the  World  in  80  Days" 
was  first  serialized  in  a  Paris  newspaper 
"Le  Temps,"  and  people  laid  bets  on 
whether  or  not  the  hero,  Phineas  Fogg, 
would  reach  home  in  eighty  days;  Paris 
correspondents  of  newspapers  in  the  V. 
S.  cabled  home  summaries  of  the  chap- 
ters as  they  appeared.  "Twenty  Thou- 
sand Leagues  Under  the  Sea,"  written 
in  1869,  was  suggested  to  Verne  by  ac- 
counts of  the  ocean  bottom  which  he 
heard  from  sailors  of  the  "(jreat  East- 
ern," who  had  just  laid  the  first  trar.s- 
Atlantic  cable. 

In  honor  of  several  of  his  romances, 
Verne  was  made  a  member  of  the  Le- 
gion of  Honor,  and  was  crowned  by  the 
French  Academy.  This  quasi-scientific 
u-riter  prophesied  among  other  things, 
submarines,  dirigibles,  television,  gas 
bombs,  and  talking  pictures.  Though  pri- 
marily a  novelist,  at  heart,  Verne  was 
also  partly  a  theoretical  engineer  in 
dreaming  up  the  ideas  for  his  books, 
"Michael  Strogoff,"  "The  Adventures 
of  Captain  Hatteras,"  "The  Piuxhase  of 
the  North  Pole,"  "Christopher  Colum- 
bus," and  the  others. 

Books  by  Jules  Verne 

1863— Five   Weeks  in   a   Balloon 

1864 — Vo\age    to    the    Center    of    the 

Earth 
186S — From  the  Earth  to  the  Moon 
1S()6 — The  Adventures  of  Captain  Hat- 
teras 
1868 — The  Children  of  Captain  Grant 
1870 — Around      the      Moon;     Twent>- 
Thousand     Leagues     Under    the 
Sea 
1871— A  Floating  Village 
1872 — Meridiana,  Advcntin'es  of  Three 
Englishmen   and   Three   Ru.ssians 
187,1 — Around    the    World    in    Eighty 
Days,  The  Fur  Country 


Making  preparations  inside  the 
lunar  rocket,  in  "From  the  Earth  to 
Moon." 

1874— Doctor  Ox 

1875— The     Mysterious     Island;     The 
Chancellor 

1876— .Michael   Strogoff 

1877 — Child    of    the    Cavern;     Hector 
Servadac 

1878 — The  Boy  Captain 

1870 — The      Begum's      Fortune;     The 
Tribulations   of  a   Chinaman 

1880 — The   Steam   House 

1881— The  (}iant  Raft 

1882— The  School    for  Robinsons;  The 
(ireen  Ra\ 

1883 — Keraban   the   Inflexible 
Archipelago  on   Fire 

1885— Mathias  Sandorf ;  The  Wreck  of 
the  Cynthia 

1886 — Clipper   of   the   Clouds;   A    Lot- 
tery Ticket 

1887— North   Against    the    South;   The 
Flight  to  France 

1888— Adrift  in  the  Pacific 

188Q — Family  without  a  Name 

1  890 — Caesar  Cascabel 

1891 — Mistress  Branican 

1892 — The  Castle  of  the   Carpathians 

1893 — Claudius  Bombarnac;   Foundling 
Mick 

1894 — The  Adventures  of  Anrifer 

189S— Propeller  Island 

1896 — For  the  Flag;  Clovis  Dardenfor 

1897 — The  Spinx  of  the  Icefields 

1898 — The  Superb  Orinoco 

1899— The  Eccentric's  Will 

lOdO— The  Second  Fatherland 

1901— A   Floating  City;  The  Tales  of 
[ean-Marie  Cabidoulin 

1902— The  Kip  Brothers 

1903 — The  Traveling  Scholarship 

1904— Master  of  the  World;  A  Drama 
in    Livonie 

19()S — The  Invasion  of  the  Sea;  Light- 
house on  Top  of  the  World 
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•  Even  before  he  was  graduated  from 
the  U.  of  Kentucky,  Sam  Griffin,  Jr. 
was  "sold"  on  a  job  at  Allison.  His 
brother-in-law,  who  is  in  Allison  air- 
craft engine  test  section,  had  told  him 
about  the  many  advantages  and  op- 
portunities offered  the  young  engi- 
neer with  academic  training  like  his. 

So,  when  Sam  left  school  in  1951 
with  his  B.S.  in  Metallurgical  Engi- 
neering, he  came  right  to  Allison 
where  he  is  now  Experimental  Metal- 
lurgist in  Transmissions  Operations. 

Allison,  along  with  its  aircraft  en- 
gine activity  and  production  of  bear- 
ings and  Diesel  locomotive  parts,  is 
the  world's  largest  manufacturer  of 
Torqmatic  Drives  for  heavy  duty 
Ordnance  and  commercial  vehicles 


and  equipment.  In  all  parts  of  the 
world,  Torqmatic  Drives  are  in  use 
today  in  big  trucks  .  .  .  tractors  .  .  . 
cranes  .  .  .  shovels  .  .  .  tanks  .  .  .  drill- 
ing rigs  .  .  .  and  scrapers. 

After  Engineering  designs  a  part, 
such  as — let's  say — a  spur  gear,  know- 
ing what  it  must  do,  and  the  hardness 
required  to  do  its  specific  job,  it's  up 
to  the  metallurgists  to  select  a  steel 
and  heat  treatment  to  meet  the  speci- 
fications. That's  an  important  respon- 
sibility in  the  Allison  Transmissions 
operations  where  as  many  as  700 
different  parts  go  through  heat  treat. 
Proper  control  here  means  less  re- 
work, and  when  the  perfect  surface 
is  produced,  the  part  is  "ready  to  go," 
without  grinding. 


Sam  has  been  doing  pioneering 
work  in  heat  treatment  control  with 
newly-installed  equipment  at  Allison. 
He  is  shown  above,  as  final  tests  are 
being  made,  at  the  panel  of  the  Dew 
Point  Recorder  which  checks  the 
amount  of  moisture  in  heat  treat  fur- 
naces. Twenty-four  big  furnaces  are 
controlled  by  these  two-  six-station 
machines.  It  was  his  responsibility 
to  see  that  the  equipment  was  in- 
stalled properly,  and  he  also  trains 
personnel  in  the  proper  use  of  the 
equipment. 

The  long  range  program  at  Allison 
offers  unlimited  opportunities  to  com- 
petent graduate  engineers  in  various 
fields.  Why  not  plan  early  for  your 
engineering  career  at  Allison. 


'0?l    DIVISION,  GENERAL  MOTORS  CORPORATION  •  Indianapolis,  Ind. 

Design,  development  and  production  —  high  power  TURBINE  ENGINES  for  modern  aircraft  .  .  . 
heavy  duty  TRANSMISSIONS  for  Ordnance  and  Commercial  vehicles  .  .  .  DIESEL  LOCOMOTIVE 
PARTS    .    .    .    PRECISION    BEARINGS    for  aircraft,   Diesel   locomotives  and   special  application. 
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Percolating  — 

TEA 
KETTLE 


by  Dave   Webster 
Arch.  E.  '58 


A  powerful  self  contained  "percolat- 
ing tea  kettle"  atomic  energy  reactor  for 
special  nuclear  research  has  been  de- 
signed and  built  by  North  American 
Aviation  for  the  Atomic  Energy  Com- 
mission. This  new  reactor  is  now  in 
operation  by  the  California  Research 
and  Development  Company,  Livermore. 
California,  a  contractor  of  the  San  Fran- 
cisco Operations  Office,  U.  S.  Atomic 
Energy  Commission.  The  reactor,  which 
is  being  used  for  research,  is  the  second 
in  California. 

Developing   100  watts  of  power,   the 


Testing  the  core  component  for  the  "Percolating  Tea  Kettle. 


THERMAL    COLUMN 
SHIELD     COVER 


REACTOR  TANK 
STEEL) 


GAMMA  SHIELD 
(LEAD) 


GAMMA   SHIELD 
(LEAD) 


URANIUM  SOLUTION 
MIXING  BOWL 


CONTROL  a  SAFETY 
ROD  MECHANISM 


REFLECTOR     I  ION  AUXILIARY 

(GRAPHITE)    (CHAMBER  GAS  HANDLING 

BOX  CUBICLE 


AUXILIARY 
SAFETY  CHAMBER 


A  schematic  diagram  of  the  "Percolating  Tea   Kettle." 


reactor  is  unique  in  that  it  is  tlie  larg- 
est unit  of  its  t\pe  to  operate  with  a 
closed  cycle,  or  "self  contained"  sys- 
tem. The  tea  kettle  or  water  boiler  t\pe 
reactor,  one  in  which  the  fissionable 
uranium  compound  is  contained  in  a 
water  solution,  is  designed  so  all  radio- 
active by-products  of  the  fission  process 
are  retained  in  the  luiit  instead  of  being 
exhausted  and  mixed  with  the  open  air, 
as  in  the  case  of  other  large  reactors  of 
this  type.  Radioactive  b\-products  in  the 
reactor  are  pressed  inside  the  luiit  and 
returned  to  the  reactor  core.  It  is  pos- 
sible for  the  reactor  to  run  for  as  long 
as  10  years  without  refueling. 

Nuclear  research  scheduled  for  the 
new  reactor  will  include  fundamental 
studies  as  well  as  test  work  with  vari- 
ous materials  and  components  being 
studied  for  possible  application  to  atomic 
energy  equipment  and  processes. 

The  reactor  will  be  "fueled"  with 
urainle  sulfate,  enriched  in  fissionable 
Uranium  25,  in  a  water  solution.  Abour 
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The  new  100  watt  atomic  reactor. 


four  gallons  of  this  material  is  housed 
in  a  steel  sphere,  one  foot  in  diameter. 
.A  e\lindrical  stack  of  graphite  hars, 
which  surrounds  the  sphere,  is  used  to 
reflect  the  neutrons  produced  by  the 
fission  process.  The  entire  assembly  is 
housed  by  a  steel  tank  five  feet  in  dia- 
meter and  five  feet  high.  Two  control 
and  two  safety  rods,  made  of  cadmium 
and  boron,  run  through  the  tank  to  the 
sphere.  Because  these  rods  have  the  abil- 


it\  to  absorb  neutrons,  their  presence 
near  the  sphere  dampens  the  fission  pro- 
cess. When  the  rods  are  withdrawn  the 
activity  of  the  Uranium  235  solution 
increases,  producing  neutrons  and  other 
nuclear  radiations.  Access  holes  leading 
through  the  tank  to  the  sphere  permit 
the  bombardment  of  test  samples  by  neu- 
trons and  other  radiations.  During  ordi- 
nary operation,  only  the  two  control 
rods  are  used  to  start,  stop,  and   regu- 


•  There's  a  K&E  slide  rule  for  every  purpose.  Whether  designed 
to  meet  the  modest  needs  of  the  beginner  or  the  exacting  require- 
ments of  professionals,  all  K&E  rules  feature  "built  in"  accuracy 
and  reflect  the  skill  and  craftsmanship  of  America's  most  experi- 
enced slide  rule  manufacturer. 

KEUFFEL  &  ESSER  CO. 

NEW   YORK    •    HOBOKEN,   N.   J. 

Chicago  •  St.  louis  •  Detroit  •  San  Francisco  •  Los  Angeles  •  Montreal 


late  the  fission  process.  The  two  safety 
rods  are  designed  to  automatically  shut 
off  the   reaction   if   required. 

Inherent  characteristics  of  the  design 
of  a  water  boiler  reactor  make  it  vir- 
tually impossible  for  the  fission  process 
to  "run  away."  If  an  uncontrolled  fis- 
sion occurs,  the  heat  of  the  reaction  in 
the  water  solution  v\'ill  stop  the  process 
before  damage  can  be  done.  The  safety 
rods  can  he  used  with  the  same  effect. 
In  addition  to  the  natuial  safety  feature 
and  the  safety  rods,  the  reactor  is  equip- 
ped with  an  auxiliary  safety  chamber 
system  as  a  further  safeguard.  A  com- 
pletely new  development,  the  safety 
chamber  provides  a  method  of  reducing 
the  amount  of  fissionable  material  in  the 
sphere  to  less  than  a  "critical  mass." 
This  is  accomplished  by  a  percolating 
process.  If  fission  gets  beyond  a  certain 
rate,  gas  bubbling  through  the  uranyl 
sulfate  solution  carries  the  material  into 
the  auxiliary  safety  chamber  and  away 
from  the  fission  sphere,  in  the  same 
manner  that  steam  percolates  water  over 
coffee  in  the  family  coffee  pot. 

A  number  of  designs  have  now  been 
made  for  various  purposes,  including 
reactors  for  industrial,  medical  and  aca- 
demic research,  and  for  the  production 
of  electric  power.  Other  of  the  designs 
are  being  considered  for  industrial  and 
medical  organizations,  whose  work  with 
the  research  reactors  will  speed  the  day 
when  the  present  promise  of  greater  ap- 
plication of  atomic  power  to  mankind 
will  be  a  practical  reality. 


Frosh  co-ed:  "Mother,  are  there  sky- 
scrapers in  heaven?" 

Mother:  "No,  dear,  it  takes  engi- 
neers to  build  skyscrapers." 


Engineer:  "Gee,  but  I'm  thirsty." 
Arts  Frosh:  "Wait  a  minute;  I'll  get 

you  some  water." 

Engineer:    "I    said     I'm    thirsty,    not 

dirty." 

Physicist:  "Glasses  are  getting  to  be 
a  necessity  with  me." 

Engineer:  "Same  here.  I  can't  drink 
out  of  a  bottle  any  more  without  beer 
dribbling  on   mv  chin." 


Students    are    like    blotters,    the\    ab- 
sorb everything  but  get  it  backwards. 

«        «        t 

"Do  \ou  believe  in  clubs  for  women?" 
"Yes,   if  kindness   fails." 


Say    it    with     flowers,     say     it     with 
sweets, 

Say  it  with  kisses,  sa\'  it  with  eats, 
Say  it  with  jewelry,  say  it  with  drink, 
Hut  never,  oh   never,  say  it  with  ink. 
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Der  Flypaper 


by  Jim  Piechocki,  Aero.  E.  '55 


beginning.  The  name,  Flypafur.  was 
Jim  Piechocki'.s  brainstorm  and  was  en- 
thusiastically accepted  amidst  a  fine 
spray  of  Pier  coffee.  Messrs.  Smith, 
Shanahan,  and  Piechocki  set  out  to  con- 
\'ince  their  advisor,  Mr.  Fred  Schroeder, 
of  the  worthiness  of  the  project.  Need- 
less to  say,  Mr.  Schroeder  gave  his  im- 
mediate approval,  and  has  been  solidly 
behind   the  Flypaper  ever  since. 

The    reactions   to    the    F/ypripi'r   ha\e 
been  nian\-  and  varied,  but  very  happily, 


At  the  Chicago  Division  of  the  Uni- 
versity of  Illinois,  there  e.xists  an  exten- 
sive engineering  education  program.  The 
curricula  included  are  Civil,  Mechani- 
cal, Electrical,  Architectural,  Ph\'sics, 
Chemical,  and  Aeronautical.  These 
constitute  the  major  engineering  branch- 
es of  study.  A  quick  glance  back  at  that 
list  and  a  possible  second  of  thought 
along  with  it  will  reveal  one  feature 
hich,  to  us,  seems  to  occur  too  fre- 
quently— the  last  group,  aeronautical,  is 
always  last.  The  common  slang  refer- 
ences which  prevail  throughout  the 
engineering  colleges  are:  CE's,  ME's, 
Chem  E's  and  so  forth.  When  a  stu- 
ilent  states  that  he  is  an  Aero,  an  ex- 
lilanation   usually  follows. 

Why?  That  is  a  question  which  has 
borliered  a  very  select  few  for  a  long 
itiiiie.  This  small  group  of  "select  few" 
an  not  seem  to  understand  why  this 
should  be  so  at  the  UIC.  And  this 
elect  group  has  come  up  with  some 
r.iitling  answers.  The  reason  that  this 
eth.ngic  condition  exists  is  none  other 
:  han  the  fact  that  it  is  the  Aeros  them- 
selves who  are  to  blame.  A  sluggish  con- 
dition results  from  a  disturbance  within. 
H'lt-inspection  is  the  only  answer,  and 
Jitter  this  is  done,  the  time  for  action 
las  come.  The  Aeros  of  I  IC  ha\e  come 


up  with  an  answer — the  spreading  of 
that  feeling  of  mutuality.  This  is  the 
foundation  up  which  the  F/yp/ipcr  is 
built. 

The  F/ypiipcr  is  a  publication  which 
is  centered  around  the  aeronautical  engi- 
neering student.  It  is  printed  for  him, 
ivith  his  aid.  for  the  most  part,  hy  hi/a. 
It  had  an  extremely  humble  beginning 
when  on  October  20,  1933,  the  first 
issue  was  released.  The  very  first  article 
of  this  one-page  "attempt"  stated  its 
purpose: 

".  .  .  roop{  ration  and  unity  of 
spirit  —  ;'/;  one  word  —  filloicsliip. 
Its  nature  —  aonteehuieal.  .1  nd 
therein  lies  the  purpose  of  this  pa- 
per. It  is  published  only  to  fulfill 
a  need — the  promotion  of  fclloiv- 
ship  tvhieh  is  so  eonspieuous  hy  its 
ahsenee.  The  ability  to  arhieve  sue- 
less  is  in  dire(t  proportion  to  the 
intensity  of  felhnvsliip.  its  uaraith 
in  thermal  units  reataimng  eon- 
stant.  .  .  ." 

Indeed,  this  hvimblc  beginning  can  be 
traced  back  to  a  day  in  September,  when 
Ed  Smith  (now  an  editor),  seated  in 
the  East  End  cafeteria  with  a  few  oth- 
er Aeros,  bhmtly  stated,  "Let's  put  out 
a    paper.  '    And    there    it    was,    the    very 


JIM 

PIECHOCKI 

Jl 

m    Pi 

choc 

ki,    on    aero 

nout 

col 

eng 

ncering     stu 

dent 

is  c 

nev 

comer   to  the 

Tech 

noqr 

ph 

stoff      He     i 

the 

Choi 

mon 

of    the    En 

gine 

Tinq 

Cou 

cil  ot  UIC 

and 

hope 

s    to 

graduate    ir 

1935 

t'ley  have  been  extremeh-  encouraging 
to  the  editorial  staff.  The  bold,  black 
lettering  of  the  title  at  the  top  of  each 
first  page  has  provoked  such  comments 
as.  "Can  I  touch  it?",  "Is  it  still  wet?", 
and  "No  thanks,  we  use  DDT."  The 
faculty  of  UIC  have  been  \er\-  helpful 
in  many  ways.  Not  only  are  comments 
pouring  in,  but  now  they  are  submitting 
material.  We  cannot  help  but  feel  a 
deep  sense  of  gratitude  to  Dean  Trezise, 
who  not  only  has  given  us  ever\'  con- 
sideration possible,  but  also  has  enabled 
us  to  present'  his  inspiring  message  to 
engineers  \ia  Page  One  of  Issue  No.  3. 
As  if  tliis  were  not  enough,  the  title 
page  of  Issue  No.  4  was  adorned  with 
the  beautiful  message  of  Mr.  Sam  M. 
Futral,  assistant  professor  of  M.E.,  and 
the  praises  for  this  article  still  are  flow- 
ing in. 

Now  acting  as  the  voice  of  the  UIC 
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student  branch  of  the  IAS,  rlic  official 
Aero  society,  the  Flyl^afxr  still  is  ex- 
panding. Its  original  staff  of  three  co- 
editors  swelled  to  four  when  the  need 
of  a  staff  artist  arose.  V^ic  Serafini,  an 
Aero,  came  to  the  rescue  and  his  beau- 
tiful illustrations  are  now  the  envy  of 
the  Ci.E.  classes.  At  present,  the  staff 
has  grown  to  what  Aeros  might  consider 
a  whooping  size  of  seven  persons.  The 
three  new  additions  are  T.  Anderson, 
j.  Wargin,  and  B.  Zientek.  The  new 
members  handle  NAS  news,  circul.irinn, 
and   printing,   respectively. 

The  reproduction  process  is  an  inter- 
esting one.  The  ozalid  process  is  u.sed. 
Each  Tuesday  will  find  the  staff  plus 
other  Aeros  all  hastening  about  in  the 
photo  lab,  going  through  the  motions  of 
putting  out  the  paper.  These  "ammonia 
kids"  have  deduced  a  rapid-fire  system 
which  has  to  be  seen  to  be  appreciated. 
The  original  issue  was  produced  by 
typing  up  the  copy  on  blue  tracing  pa- 
per ;  using  this  as  the  negati\e,  the  rest 
of  the  reproduction  was  the  normal,  run- 
of-the-mill  (Ozalid  duplication.  Then 
along  came  Hob  Shanahan  and  his  idea 
of  typing  up  the  copy  on  light  velum 
which  has  been  backed  with  carbon  pa- 
per. This  produces  an  extra-dark  print 
which  makes  for  ideal  Ozalid  reproduc- 
tion. Quality  was  increased  in  stagger- 
ing proportions.  Although  the  method  is 
by  no  means  new,  the  Flypaper  staff  will 
always  feel  proud  of  "its  own"  process. 

Aeros  who  are  not  on  the  staff  are 
provided  with  an  excellent  opportunity 
to  test  their  journalistic  prowess.  In  fact, 
material  now  is  flowing  in  at  a  rate 
which  is  keeping  all  editors  on  their  toes. 
Recent  contributions  from  Aeros  have 
included  everything  from  exposes  on  jet 
seaplanes  to  explanations  of  strap-on 
helicopters. 

The  future?  Only  time  will  tell,  but 
the  editors  and  staff  express  the  mutual 
hope  that  someday,  years  from  now, 
when  we  are  all  solidly  established  in 
industry,  we  will  return  to  the  I'lC 
and  pick  up  an  interesting  little  paper 
called  The  Flypaper. 


Engineering  Prof.:  "Why  aren't  \'ou 
taking   notes?" 

.Student:  "I  ilon't  have  to.  I've  got 
my  father's." 

*  *        * 

Through  the  smoke  and  ozone  fumes 
the  student  slowly  rises; 

His  hair  is  singed,  his  face  is  black, 
his  partner  he  dispises; 

He  shakes  his  head  and  says  to  him, 
with  words  .so  softly  spoken, 

"The  last  thing  that  you  said  to  me 
was,  'Sure,  the  switch  is  open'." 

*  »        * 

CE:  "I'm  forgetting  women!" 
EE:  "Me  too.  I'm  for  getting  two  or 
three  and  having  a  party." 
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"Frc(|ncnt  water  ilrinking,"  said  the 
specialist,  "prevents  \ihi  troui  beconu'ng 
stiff  at  the  joints." 

"Yes,"  said  the  Engineer,  "but  some 
of   the   joints   don't  ser\e   water!" 

\  man  wandered  info  a  teruiis  tour- 
nament the  other  ilav  .uid  sat  do\\]i  on 
the  bench. 

"Whose  game?"  he  asked. 

A  shy  young  coed  sitting  next  to  iuni 
looked    up   hopefully. 

"1    ,ini,"    she    replied. 

EE:  "Well,  what  would  \(iu  like  to 
drink?" 

Coed:  "I  guess  I'll  have  champagne." 
EE:  "Well,  guess  again!" 

»        *        ■» 

Anyone  who  claims  it  is  impossible  to 
attain  absolute  zero  hasn't  taken  a  k\\\\/ 
in  thermo  lately. 

During  registration,  a  freshman  listed 
as  her  denominational  preference:  "I 
like   to   be  called    Hetty.  " 

*        ■*        * 

Two  engineering  students  were  tak- 
ing calculus  for  the  first  time  and  while 
waiting  for  the  instructor  to  arrive,  the\' 
took  a  quick  perusal  through  the  book. 
One  of  them  came  across  some  formu- 
his  in  the  back  of  the  book. 

"Tell  me,"  one  asked  his  friend,  "can 
you  read  this?" 

"No,  but  if  1  li;ul  my  flute  with  me, 
I   could  pla\    It.' 

I  call  my  gal  a  discontinuous  fiuic- 
tion   because  she   has  no   linuts. 

I  still  think  that  an  intoxicated  coed 
is  a   tight  skirt. 

And  them  theie  was  the  Aits  stu- 
dent who  let  his  EE  roommate  fix  him 
up  for  ;i  date  with  Allis-Chalmers. 

Some  girls  complained  to  the  dean  of 
women  that  the  bo\'s  in  the  fraternity 
house  next  door  never  closed  their 
blinds  and  that  it  embarrassed  the  girls. 

When  the  dean  went  to  the  room  of 
the  particular  girl  who  had  made  the 
complaint,  she  looked  out  the  window 
and  said,  "Why,  I  can't  see  in  their 
window   from  here." 

The  girl  said,  "Oh,  you  ha\e  to  stand 
on  the  chair." 

iS-  »  * 

"What  kiiu!  of  dress  did  \'our  girl 
have  on  last  night?" 

"I  don't  remember  all  the  details,  but 
I   do  kno\\-  the  dress  was  checked.  " 

"Hoy!  That  nuist  ha\e  been  some 
party." 


Successful  designs  must  have 
low  manufacturing  costs, 

HOW  TO  CUT  COSTS 

WITH  WELDED 

PRODUCT  DESIGN 

10W  manufacturing  costs  are  a 
J  "must"  in  today's  product  plan- 
ing. As  a  result,  every  engineer  must 
know,  above  all,  how  to  eliminate 
needless  cost  in  machine  designs. 

First  consideration  in  designing 
machinery  must  be  the  material  used. 
Steel  is  three  times  stronger,  twice 
as  rigid  as  cast  iron,  yet  costs  only  a 
third  of  the  price  of  gray  iron. 

That's  why  machine  parts  built 
with  welded  steel  designs  often  cost 
50%  less  to  produce. 


Fig.  1.  Original  construction  o/  ge^ir  case 
cover  u'cighetl Gftpniincls . . .  requires/ milling 
of  bottom  eilgeforoil-tight  seal  with  gear  case. 


Fig.  2.  Steel  designed  gear  case  cover 

now  used  weighs  only  10  poiimls. . .  costs  half 
as  much  to  proiluce.  Vabricatei/  entirely  in 
the  manufacturer's  oivn  shop  by  arc  welding. 

Keep  in  step  with  the  rapid  progress  in  manufac- 
turing with  arc  welding.  Latest  design  develop- 
ments are  available  in  bulletins  and  handbooks 
that  guide  the  engineering  student.  Write 

THE  LINCOLN  ELECTRIC  COMPANY 

Cleveland  17,  Ohio 

THE  WORLD'S  LARGEST  MANUFACTURER  OF 

ARC  WELDING  EQUIPMENT 
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diversification: 

another  reason  why 

Lockheed  in 
California  offers. . . 
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better  careers  for  engineers 


diversified  production 


diversified  development  projects 


Huge  luxury  airliners,  cargo  transports,  The  most  diversified  development  program 

fighters,  bombers,  trainers  and  radar  search      in  Lockheed's  history  is  under  way— and 
planes  are  rolling  off  Lockheed  assembly  it  is  still  growing.  The  many  types  of  aircraft 

lines.  Twelve  models  are  in  production.  now  in  development  indicate  Lockheed's 

production  in  the  future  will  be  as  varied 
as  it  is  today— and  has  been  in  the  past. 


diversified  living 

You  work  better  in  Lockheed's  atmosphere 
of  vigorous,  progressive  thinking— and  you 
live  better  in  Southern  California.  You  enjoy 
life  to  the  full  in  a  climate  beyond  compare, 
in  an  area  abounding  in  recreational 
opportunities  for  you  and  your  family. 


This  capacity  to  develop  and  produce  such  a  wide  range  of  aircraft 
is  important  to  career-conscious  engineers.  It  means  Lockheed  offers  you  broader 

scope  for  your  ability.  It  means  there  is  more  opportunity  for  promotion  with 

so  many  development  and  production  projects  constantly  in  motion.  It  means  your 

future  is  not  chained  to  any  particular  type  of  aircraft— because 

Lockheed  is  known  for  leadership  in  virtually  all  types  of  aircraft.  Lockheed's 

versatility  in  development  and  production  is  also  one  of  the 

reasons  it  has  an  unequaled  record  of  production  stability  year  after  year. 


Lockheed 


BURBANK,  CALIFORNIA 


AIRCRAFT  CORPORATION 
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A  Report  on  the    . 


1953  Engineering  Open  House 

by   Hal   Harper,   Secretary-Treasurer,    1953   Engineering   Open   House 


GEORGE   HUNT 

Chairman  1954  Engineering 
Open  House 

(jcorjie  Hunt,  chairniari  ot  this  \x-ar's 
Engineering  C^pen  House,  has  been  in 
many  acti\ities,  both  here  and  at  Navy 
Pier.  He  has  been  a  member  of  A.I.F2.E. 
for  three  ami  a  half  \ears  and  is  the 
present  secretary  of  this  society.  He  is 
also  a  member  of  Pershing  Rifles  and 
the     Military    Council,    having    joined 


GEORGE  HUNT 

both  organizations  three  years  ago.  Also 
he  belongs  to  the  Engineering  Council, 
DeMolay,  and  Sigma  Phi  Delta  of 
which  he  is  this  year's  intra-mural  n^.ar.- 
ager.  Whi!e  at  Navy  Pier,  he  was  catc!> 
er  on  the  baseball  team.  He  is  also  a 
distinguished  military  student  in  the 
R.O.T.C. 

A  Chicagoan,  George  gradviated  fiom 
Hirsch  High  School  where  he  belonged 
to  the  student  senate  and  national  honor 
so;:iety  and  was  chief  fire  marshal. 

Now  a  Senior  in  Electrical  Engineer- 
ing, (leorge  transferred  from  Navy  Pier 
in  his  junior  year.  He  has  maintained  a 
.?.<S  average  and  after  graduation  hopes 
to  work  in  Illinois,  preferably  Chicago, 
in  the  field  of  public  service  of  motor 
apparatus   and    control. 


(  )n  M.uch  _'7  auil  2H  ot  last  \ear 
the  Engineering  College  of  the  Univer- 
sit\  of  Illinois  once  again  opened  its 
doors  to  an  inspection  by  the  general 
public.  Such  an  inspection,  called  the 
Engineering  Open  House,  has  been  held 
many  times  in  previous  years  and,  due 
to  the  continued  success  of  these  pro- 
grams, will  be  held  in  future  years. 

It  is  felt  that  by  attending  these  Open 
Houses  visitors  to  our  campus  will  not 
only  learn  something  of  the  way  an  engi- 
neering college  operates  but  also  will  see 
some  of  the  spirit  and  cooperation  that 
exists  between  the  students  and  faculty 
of  the  University  of  Illinois.  The  entire 
engineering  campus  is  opened  to  inspec- 
tion, and  it  is  hoped  that  such  an  inspec- 
tion will  aid  students  considering  an 
engineering  education  in  selecting  a  uni- 
versity and  will  aid  undecided  students 
in  selecting  a  field  of  major  study.  The 
better  understanding  of  the  operations 
of  this  college  shoidd  help  the  people  of 
the  state  to  better  understand  the  im- 
portance of  their  continued  supnrt  of  a 
state   university. 

If  such  an  Open  House  were  poorly 
planned  the  net  result  would  directly  op- 
pose the  desired  residt.  Instead  of  gain- 
ing a  favorable  impression  of  the  College 
of   Engineering  and    realizing  that   it   is 


something  in  which  the  State  of  Illinois 
should  take  pride  the  impression  would 
be  negative  or,  at  best,  indistinct.  There- 
fore the  planning  for  the  1953  Engi- 
neering Open  House  began  shortly  after 
the  start  of  the  fall  semester  of  the 
1952-53  school  term.  One  of  the  first 
jobs  to  be  done  after  the  various  com- 
mittees necessary  to  a  successful  Open 
House  had  been  selected  was  the  job  of 
publicit\'.  Letters  were  sent  to  the  prin- 
cipals of  ever\-  high  school  in  the  state 
telling  them  that  there  was  to  be  an 
Engineering  Open  House  and  inviting 
anyone  interested  to  attend.  The  first 
such  letter  was  mailed  November  10, 
1952.  In  subsequent  letters  the  princi- 
pals were  informed  of  the  time  schedule, 
room  facilities,  parking  facilities,  and 
other  information  pertaining  to  their 
visit  to  our  campus.  The  large  numbers 
of  high  school  students  attending  the 
Open  House  is  witness  enough  of  the 
success  of   this   program. 

In  addition  to  the  work  done  on  indi- 
\idual  displays  b\-  the  \arious  engineer- 
ing departments  at  the  l'niversit\'  it  was 
necessary  to  have  a  central  committee 
in  charge  of  physical  arrangements  to 
coordinate  these  displays.  Without  ar- 
rangements for  bus  service  to  the  out- 
lying    displays,    room     reservations    for 


Testing     of     metals    with     a     Charpy    impact     machine    in     the     Metallurgy 
Laboratory. 
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Students  demonstrating  the   pouring 
of  Illinois  Foundry. 

weekeiiil  guests,  liiiiL-h  stands,  signs,  and 
a  multitude  of  other  special  effects  the 
Engineering  Open  House  could  never 
ha\e  heen  run  as  smoothly  as  it  actually 
was.  There  is  little  doubt  that  services 
like  those  mentioned  here  were  given 
little  or  no  thought  by  the  majority  of 
the  guests  at  the  Open  House,  but 
nevertheless  the  work  done  on  these 
arrangements  was  invaluable  to  its  suc- 
cess. 

So  that  programs  for  the  Engineering 
Open  House  could  be  circulated  as  part 
of  the  publicity  campaign  it  was  neces- 
sary that  the>'  be  printed  early  in  the 
planning  period.  This  forced  depart- 
ments of  the  College  of  Engineering  to 
not  only  have  a  general  plan  for  their 
displays  in  the  Open  House  but  to  know 
just  what  to  display  several  months  bi- 
fore  the  Open  House  was  to  take  place. 
The  final  rewrite  of  all  articles  for  the 
program  was  turned  in  to  the  program 
committee  early  in  December  for  the 
Open  House  the  following  March.  The 
various  departments  did  a  fine  job  of 
advance  planning,  and  each  individual 
display  contributed  in  some  way  to  the 
over-all  success  of  the  Engineering  Open 
House  as  a  whole.  The  fine  cooperation 
between  students  and  faculty  of  every 
department  and  the  time  so  unselfishly 
contributed  by  both  made  the  Open 
House  possible. 

In  addition  tu  displacing  physical 
equipment  and  educational  facilities  each 
department  made  an  effort  to  "put  on 
a  show"  for  the  visitors  to  the  campus. 
An  effort  was  made  to  display  the  things 
that  would  hold  the  most  interest  for  the 
greatest  number  of  people.  The  Me- 
chanical    Engineering    Department    dis- 


of  aluminum  castings  in  the  University 


played  their  foimdr\  during  the  pouring 
of  cast  iron,  aluminum,  and  brass.  It 
was  possible  to  follow  the  manufacture 
of  small  engines  by  first  seeing  the  parts 
cast  in  the  foundry  and  then  seeing  them 
machined  and  assembled  in  the  machine 
tool  laboratory.  Other  exhibits  by  the 
Mechanical  Engineering  Department 
were  the  educational  unit  power  plant, 
air  conditioning  test  setup,  welding,  and 
automotive  engine  tests.  The  Electrical 


Engineering  Department,  on  the  other 
liand,  displayed  apparatus  showing  some 
of  the  less  known  properties  of  electron- 
ics. Among  their  equipment  were  such 
things  as  eddy  current  heating,  artificial 
liglitning,  and  radar  in  operation.  The 
Theoretical  and  Applied  Mechanics  De- 
partment displayed  the  testing  of  a  large 
concrete  cylinder  in  compression  because 
(if  the  explosive  nature  of  the  failure. 
Hy  planning  exhibits  in  a  manner  simi- 
lar to  that  of  these  departments  the 
interest  of  the  general  public  was  cap- 
tured and  held  throughoLit  the  entire 
Engineering  Open   House. 

The  work  done  by  the  various  com- 
mittees of  the  Engineering  Open  House 
can  hardly  be  overemphasized.  The  cen- 
tral committee,  made  up  of  the  chair- 
men of  the  special  committees  and  under 
the  chairmanship  of  the  general  chair- 
man, planned  the  over-all  policies  of  the 
Open  House  and,  together  with  an  exec- 
utive committee  made  up  of  student 
representati\es  from  each  department  of 
the  College  of  Engineering,  coordinated 
the  work  of  these  departments.  The 
faculty  advisors,  under  the  chairmanship 
of  Prof.  J.  E.  Williams  of  Electrical 
Engineering,  worked  with  the  student 
representatives  from  their  departments 
on  initial  planning  and  final  execution 
of  plans  for  the  Engineering  Open 
Hcjuse. 

It  is  hoped  that  every  Engineering 
Open  House  in  the  future  will  be  fa- 
\ored  with  the  same  spirit  and  coopera- 
tion that  favored  the  last  one.  It  is  felt 
that  with  such  spirit  each  Open  House 
will   be  as  successful   as  this  one. 


Ths  sport  car  on  display  in  the  Internal  Combustion  Laboratory  of  the  M.  E. 
Department  was  one  of  the  many  attractions  of  the  1953  Engineering  Open 
House. 
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BOOK   REVIEWS 


by  Paul  E.  LaViolette,  E.E.  '55 


PRINCIPALS   OF   NUMERICAL 
ANALYSIS 

hv  ALSTON   S.   IIOI  Sl.lIOI.nKR 
MtCraK-llilt.  $0.00 

AiiotluT  aiiilition  to  Mc(  i raw- Hill's 
International  Series  of  Pure  and  Applied 
Matlieniatics  is  this  book  by  Alston  S. 
Householder,  Head  ot  the  Mathematics 
Panel  at  Oak  Ridfje  National  Labora- 
tory. '  Dr.  HousehoUlcr  organized  the 
computing  group  which,  in  December 
of  UH8,  became  known  as  the  Mathe- 
matics Panel  providing  mathematical, 
statistical,  and  computing  services  for 
the  entire  Oak  Ridge   Laboratory. 

Written  as  a  unified  presentation  of 
the  mathematical  principles  underlying 
most  computing  methods,  "Principles 
is  designed  more  for  the  senior-graduate 
courses  or  for  directors  or  mathema- 
ticians of  computing  groups  who  wish 
to  invent,  improve  or  evaluate  tech- 
niques than  for  the  casual  mathematical 
minded  browser.  The  book  is  directed 
toward  digital  computation  and  tech- 
niques for  making  estimates  of  errors 
are  indicated  whenever  possible.  Func- 
tional equations  are  not  discussed,  but 
emphasis  is  placed  upon  the  methods  of 


PRnCIPLES  OF 
MillERiriL 

^iSm  S.  HOlSEHOLDeR 


With  a  view  t:)  making  the  book 
useful  to  the  reader  who  has  not  ad- 
vanced beyond  calculas,  the  author  de- 
velops the  necessary  theory  of  matrices 
and  determinants  and  the  theory  of 
equations  and  to  presuppose  only  as 
much  of  the  theory  of  complex  \ariables 
as  such   a    reader   might   ha\e. 


solving  the  finite  systems,  and  perform- 
ing the  interpolations  which  are  required 
in  the  digital  solution  of  functional 
equations.  All  are  approached  with  a 
strictly  theoretical  approach. 

^L■^trix  applications,  inversion  and 
determination  of  eigen  values  and  vec- 
tors as  well  as  a  brief  discussion  of  the 
Monte  Carlo  method  are  discussed  and 
correlated  with  existing  old  techniques 
to  form  a  useful  help  as  a  background 
for  those  seeking  to  devise  and  evaluate 
routines    for   numerical    computations. 
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to  the  world.  What  is  new,  however, 
is  Dr.  Rhine's  approach  to  studying 
these  ps\chic  phenomena.  Realizing  that 
the  measurements  afforded  by  the 
known  physical  sciences  were  not  suf- 
ficient to  measure  ESP  experiments. 
Dr.  Rhine  set  about  constructing  his 
own  laborator\  tests  under  rigid  control 
conditions.  Perhaps  the  best  known  test 
which  he  and  his  staff  devised  was  a 
set  of  cards  to  test  telepathy.  The  sub- 
ject was  .seated  on  one  side  of  a  screen 
and  the  "sender"  on  the  other.  The 
subject  was  then  instructed  to  write 
down  the  s>nibol  which  appeared  every- 


NEW  WORLD  OF  THE  MIND 

hy   J.    B.    RHINE 
.S7/;(I«    o     .Issoi.,    $S.~5 

It  happened  during  World  War  IL 
A  woman  dreamed  that  her  son  was 
being  crushed  by  a  palm  tree  which  fell 
across  his  tent.  Terrified,  she  called  his 
name  aloud  and  woke  up.  On  a  Paci- 
fic Island  several  thousand  miles  away, 
her  son,  thinking  he  heard  his  mother's 
\oice,  rushed  outside  his  tent  to  see 
where  it  might  be  coming  from.  Just 
then  a  tree  crashed  into  his  tent,  direct- 
ly across  the  cot  where  he  had  been 
sleeping.  He  wrote  his  mother  of  the 
event,  convinced  that  his  dream  saved 
his  life.  Not  until  later  did  he  know 
that  she  had  had  a  similar  dream. 

At  another  time,  an  army  sergeant 
from  Kokomo,  Indiana,  on  being  trans- 
ferred to  Augusta,  Cieorgia,  a  distance 
of  700  miles,  shipped  his  large,  yellow 
tomcat  in  an  express  car  to  Augusta. 
Soon  after  it  arrived  in  Georgia,  the 
cat  left  the  sergeant  and  in  about  three 
weeks  found  its  way  back  to  the  farm 
at  Kokomo,  where  it  was  easily  identi- 
fied by  family  and  friends. 

These  are  only  two  examples  of  ex- 
tra-sensory perception  (ESP)  cited  by 
Dr.  J  .B.  Rhine  in  his  latest  book,  "New 
World  of  the  Mind."  Opening  a  new 
field  to  scientific  research.  Dr.  Rhine 
takes  the  age  old  mysteries  of  telepath\', 
clairvoyance,  precognition,  and  the  in- 
fluence of  mind  over  matter,  out  of  the 
realm  of  superstition  and  places  them  in 
the  domain  of  science.  "Para-psycholo- 
gv"  is  the  technical  word  embracing  the 
whole  subject.  In  his  para-psychology 
laboratory  at  Duke  University,  Dr. 
Rhine  and  his  associates  have  run  thous- 
ands of  tests  to  establish  the  fact  that 
ESP  exists.  He  has  succeeded  in  doing 
this  and  his  methods  have  now  been 
recognized  even  by  those  who  formerly 
scoffed  at  ESP.  Dr.  Rhine,  himself, 
however,  is  the  first  to  admit  that  onh' 
the  groundwork  has  been  established. 
What  lies  ahead  presents  a  challenge  to 
all  thinking  persons — a  new  world  of 
the  mind  that  can  conceivably  affect 
every  aspect  of  our  lives  from  science  to 
religion. 

Psychic   experiences   are   nothing   new 


OR    -Th-t^ 


time  a  card  was  turned  over.  Thousands 
of  such  tests  showed  that  chance  alone 
could  not  have  accounted  for  the  scores. 
Seeking  still  more  perfect  experimental 
conditions.  Dr.  Rhine  increased  the 
distance  between  the  subject  and  the 
sender,  even  to  the  point  of  placing 
them  in  different  buildings.  The  scores 
again  ruled  out  the  possibility  of  chance. 

Similar  restrictions  were  placed  on 
experiments  in  other  fields  of  ESP.  so 
that  Dr.  Rhine  gives  proof  to  his  con- 
clusions by  the  results  of  his  laboratory 
tests.  After  studying  the  psychic  factor 
in  humans  for  many  years.  Dr.  Rhine 
and  his  staff  became  interested  in  psi 
in  animals.  After  collecting  numerous 
accounts  of  the  homing  of  pets,  such 
as  the  case  of  the  yellow  cat,  (known 
as  psi-trailing),  Dr.  Rhine  became  con- 
vinced that  animals  are  capable  of  psi, 
and  this  is  one  of  the  projects  now 
under  study. 

Dr.  Rhine's  book  will  be  read  with 
interest  by  those  who  approach  the  prob- 
lem from  a  scientific  point  of  view. 
Those  who  expect  a  journal  of  psychic 
experiences  will  be  disappointed,  for  Dr. 
Rhine  uses  these  only  as  illustrations. 
He  reviews  what  has  been  done  up  to 
now,  the  present  stages  of  the  research, 
and  the  problems  and  challenges  that 
lie  ahead. 
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There's  plenty  of  *'head   room"  for  you  at  Boeing 


If  you  are  a  senior  in  any  field  of  en- 
gineering, it  would  be  advisable  to 
consider  the  advantages  of  a  career  at 
Boeing  after  you  graduate. 

Boeing,  for  instance,  makes  a  policy 
of  "promoting  from  within."  Regular 
merit  re\ie\vs  give  )'ou  steady  opportu- 
nity' and  recognition.  And  in  a  com- 
pany with  a  growth  record  like  Boeing's, 
there's  alw  ays  plenty  of  "head  room"  to 
move  into. 

Another  advantage  at  Boeing  is  career 
stability.  Boeing  has  grown  practically 
continuously  during  its  57  \ears  of  op- 
eration. Today  Boeing  actually  employs 
more  engineers  than  even  at  the  peak 
of  World  War  II. 


Still  another  Boeing  advantage  is 
the  \aricty  of  experience  and  contacts 
available  to  )ou  here.  Boeing  is  con- 
stantly alert  to  new  materials  and  tech- 
niques, and  approaches  them  without 
limitations.  Extensive  subcontracting 
and  major  procurement  programs  —  all 
directed  by  engineers  —  give  you  con- 
tacts with  a  cross  section  of  American 
industn,'.  Aviation,  in  fact,  is  unique 
in  its  variety  and  breadth  of  application 
—  from  applied  research  to  production 
design,  all  going  on  at  once. 

At  Boeing  you'd  work  in  Seattle, 
Washington,  or  Wichita,  Kansas  — two 
fresh,  modern  cities  with  a  wide  variety 
of  recreational  facilities,  fine  shopping 
and  residential  districts,  and  universities 


which  provide  excellent  graduate  study 
courses.  The  company  will  arrange  a 
reduced  work  week  to  permit  time  for 
this  study  and  will  reimburse  tuition 
upon  successful  completion  of  each 
quarter's  work. 

There  arc  openings  in  all  branches 
of  engineering  (mechanical,  cixil.  elec- 
trical, aeronautical,  and  related  fields) 
for  DESIGN,  PRODUCTION  AND 
RESEARCH.  Also  for  servo-mecha- 
nism and  electronics  designers  and  ana- 
lysts, and  physicists  and  mathematicians 
with  advanced  degrees. 

For  further  information, 
consult  your  PLACEMENT  OFFICE,  or  write 

JOHN  C.  SANDERS,  Staff  Engineer  -  Personnel 
Boeing  Airplane  Company,  Seattle  14.  Wash. 
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Where,  O  where,  did  that  formula  go? 
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Big  brain  session  in  C.E.H. 
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"We  are  marching  for  'Dear  Old  lllini'." 


'Twos  the  night  before  finals. 


-BASIC  TECHNIQUE- 

Wire  element  is  uniformly  and 
tightly  wound  on  an  insulated 
core.  Axial  leads  or  other  termi- 
nations are  secured  to  element 
by  automatic  machinery.  Insu- 
lated housing  may  be  used  or 
omitted. 

SPECIFIC  EXAMPLES 


IRC  Type  AW  Wire  Wound  Resistors 


IRC  WINDING  SKILL  OFFERS 
REALISTIC  SAVINGS  TO  INDUSTRY 


.  .  .  another  reason  why  engineers  specify  IRC  Resistors 

Savings  in  the  initial  cost  and  assembly  of  component 
parts  are  an  increasingly  important  factor  to  electronic 
engineers.  That's  why  they  depend  upon  IRC  for  their 
resistor  requirements.  IRC's  mastery  of  winding  wire 
elements — dating  back  more  than  25  yeai-s — today  pro- 
vides a  wide  variety  of  unique  units  that  offer  realistic 
possibilities  for  savings. 


INTERNATIONAL 
RESISTANCE  CO. 

401  N.  Broad  St.,  Phila.  8,  Pa. 

In  Canada;  International  Resistance  Co.,  Toronfo,  ^I'l 


U/Vwtw, -tli,  (Luuuit,  Sou*-  ■ 


IRC  7  and  10  wall  Power  Wire  Wounds 
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7/t(UnlHa  C&i(/i^  Helped 


Me  Find  the  Work  I  Like" 


says  HUGH  C.  SELLS, 

Syracuse  University,  BS — 1942 
and  now  Manager,  Knoxville  District  Office 


\      /  "^ 


"T  guess  I  was  like  many  graduating  en- 

X  gineers.  I  didn't  really  know  what  I 

wanted  to  do.  When  the  AUis-Chalmers 

representative  visited  the  campus,   and 


ELECTRONICS— Modem    way    to    dry 

sand  cores  is  with  Allis-Chalmers  Foimdro- 
malic  Sand  Core  dryer.  Revolutionary  new 
process  dries  cores  in  minutes  instead  of 
hours. 


POWER — Neat,  compact  and  sale  switch- 
gear  installation  is  big  improvement  over 
open  framework  and  knife  switches  in  older 
installations. 


described  their  Graduate  Training  Course, 
it  sounded  like  the  type  of  postgraduate 
training  I  really  needed. 

"What  appealed  to  me  then — and  still 
does — is  the  broadness  of  the  program. 
Here  is  a  company  filling  a  unique  spot  in 
industry.  It  makes  important,  specialized 
equipment  for  almost  any  industry  you 
can  name." 

Wide  Choice  of  Activity 

"It's  like  a  big  department  store  for  in- 
dustry. But  that  isn't  all!  In  addition,  it 
otTers  a  wide  choice  of  activity  within  each 
of  these  many  product  groups  . . .  whether 
it  be  sales,  design,  research  or  production. 

"After  getting  the  broad  look  at  indus- 


try the  program  offers,  my  interest  began 
centering  on  Service  and  Erection  of  large 
equipment.  This  led  me  into  many  depart- 
ments of  the  company,  and  I  learned  about 
everything  from  steam  turbines  to  sifters 
for  flour  mills." 

Valuable  Background 

"The  transition  from  service  to  sales 
was  natural.  The  background  of  service 
and  erection  work  proved  very  valuable. 

"So  you  see,  whether  you  think  you 
know  what  you  want  to  do  or  not,  the 
Allis-Chalmers  Graduate  Training  Course 
is  so  flexible,  so  broad  in  its  scope,  you 
have  a  real  chance  to  find  yourself  Best  of 
all,  you  don't  have  to  waste  time  doing  it." 


Facts  You  Should  Know  About  the 
Allis-Chalmers  Graduate  Training  Course 


1 .  It's  well  established,  having  been 
started  in  1904.  A  large  percentage  of 
the  management  group  are  graduates 
of  the  course. 

2.  The  course  offers  a  maximum  of  24 
months'  training.  Length  and  type  of 
training  is  individually  planned. 

3.  The  graduate  engineer  may  choose 
the  kind  of  work  he  wants  to  do :  design, 
engineering,  research,  production,  sales, 
erection,  service,  etc. 

4.  He  may  choose  the  kind  of  power, 
processing,  specialized  equipment  or 
industrial  apparatus  with  which  he  will 
work,  such  as:  steam  or  hydraulic, 
turbo-generators,  circuit  breakers,  unit 
substations,  transformers,  motors,  con- 
liol  pumps,  kilns,  coolers,  rod  and  ball 


mills,  crushers,  vibrating  screens,  recti- 
fiers, induction  and  dielectric  heaters, 
grain  mills,  sifters,  etc. 

5.  He  will  have  individual  attention 
and  guidance  in  working  out  his  train- 
ing program. 

6.  The  program  has  as  its  objective  the 
right  job  for  the  right  man.  As  he  gets 
experience  in  different  training  loca- 
tions he  can  alter  his  course  of  training 
to  match  changing  interests. 

For  information  watch  for  the  Allis- 
Chalmers  representative  visiting  your 
campus,  or  call  an  Allis-Chalmers  dis- 
trict olliee.  or  write  Graduate  Training 
•  Section,  Allis-Chalmers,  Milwaukee  1, 
Wisconsin. 
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by  Charles  Runyan,  E.E.  '57,  and  Frank  Krbec,  Gen.  E.  '57 


GLENN   ZIEAAAN 

If  you  are  looking  tor  a  busy  Illini 
engineer,  just  visit  the  Sigma  Phi  Delta 
house  and  ask  for  (ilenn  Zieman.  You 
will  be  lucky  if  you  find  (ilenn,  a  jun- 
ior in  mechanical  engineering  at  home, 
for  he  divides  his  time  between  studying, 
acting  as  chairman  of  the  St.  Pat's  Ball 
committee,  and  the  Engineering  Coun- 
cil. 

(Ilenn    came   here    from    Lake    Forest 


*r 


GLENN   ZIEMAN 

High,  where  he  coached  and  ran  (in 
the  track  team.  At  Illinois  he  is  foster- 
ing his  interest  in  athletics  by  playing' 
an  occasional  game  of  tennis.  On  cam- 
pus, Cjlenn  is  a  member  of  several  pro- 
fessional groups,  including  ASME,  the 
Rocket  Societv  and  the  advanced 
ROTC. 

Some   plans  for  this  year's   St.    Pat's 


Hall  were  re\ealed  b\  (Jlenn.  It  will 
be  held  at  (jeorge  Huff  G\ni  on  March 
13,  1954,  and  will  featiue  an  Ugly  Man 
contest,  selection  of  the  Knights  of  St. 
Pat,  and  displays  by  professional  socie- 
ties. 

After  Uncle  Sam  lets  him  go,  Glenn 
will  seek  an  administrative  position  in 
mechanical  engineering.  Asked  why  he 
chose  engineering  as  a  career,  Glenn  re- 
plied that  he  has  been  interested  in  sci- 
ence "from  the  cradle  up;"  maybe  his 
hobby  of  tinkering  with  alarm  clocks  in- 
fluenced his  decision. 

DR.  JOHN   D.   RYDER 

Doctor  John  D.  Ryder,  head  of  the 
Electrical  Engineering  department,  came 
to  Illinois  from  Iowa  State  College. 
He  was  born  in  Columbus,  Ohio,  in 
1907.  He  received  his  B.E.E.  degree  in 
1928,  and  a  year  later,  his  M.S.  de- 
gree from  Ohio  State  University.  He 
then  obtained  a  position  with  General 
Electric  where  he  specialized  in  elec- 
tronics work  and  the  development  of 
the  thyratrons. 

In  1931  Dr.  Ryder  joined  the  Bailey 
Meter  Compan\'  of  Cleveland,  Ohio,  as 
supervisor  of  the  electrical  and  elec- 
tronic section  of  the  Research  laboratory. 
He  holds  24  patents  in  his  work,  cover- 
ing temperature  recording  and  auto- 
matic control  applications  of  electronics. 
Equipment  now  being  manufactured 
under  these  patents  include  the  Bailey 
"Pyratron"  group  of  devices  and  the 
(General  Electric  and  Weston  photo- 
electric  potentiometers. 

In  1941  Dr.  Ryder  became  an  as- 
sistant piofessor  of  electrical  engineer- 
ing at  Iowa  State  College.  He  con- 
tinued at  that  position  until  1944,  when 
he  became  professor  of  electrical  engi- 
neering in  charge  of  electronics  courses. 


That  same  year  he  was  awarded  his 
Ph.D.  in  electrical  engineering  by  Iowa 
State.  He  became  assistant  director  of 
Iowa  Engineering  Experimental  Station 
in  1947.  In  September  of  1949  he  as- 
-.unied   his  present  position  at  Illinois. 

Dr.  Ryder  is  the  author  of  two  text- 
books, l:Uilrij}!'u  /•.ni;:ni'i'ring  Prinii- 
plcx  (  Prejitice-Hall,  Inc.)  and  Net ivori: 
Lines  (ind  Fields  (  Prentice-Hall,  Inc.)  ; 
the  former  is  being  used  in  the  course, 
E.E.   340.    He  has  written  many  other 


DR.  JOHN  D.  RYDER 

authoritive  papers  on  D.  C.  and  A.  C. 
motors,  vacuum  tube  voltmeters,  net- 
work analyzers,  and  electronics. 

Dr.  Ryder  is  a  member  of  electronics 
committee,  education  committee,  and 
all  of  the  American  Institute  of  Elec- 
trical Engineers.  He  is  also  a  member 
of  the  Adavncement  of  Science,  and 
numerous  honor  fraternities,  some  of 
which  are  Tau  Beta  Pi,  Eta  Kappa  Nu, 
and  Sigma  Xi. 

Professor  Ryder  was  married  in  1933. 
He  has  a  16  year  old  daughter,  Bar- 
bara, and  a  son  nicknamed  "Alac",  13 
years  old.  Besides  his  children  Dr.  Ryder 
has  an  interesting  hobby,  color  photogra- 
phy, and  he  has  several  thousand  Koda- 
chrome  photographs  of  western  national 
parks.  He  is  also  a  "ham"  radio  opera- 
tor of  his  own  station  WOV^DE. 

The  combination  of  education  and  in- 
trest  in  activity  marks  Dr.  Ryder  as 
one  of  the  more  distinguished  personal- 
ities on  the  engineering  campus. 

LISLE  A.   ROSE 

In  the  year  1947  amidst  the  scramble 
for  education  h\  many  World  War  II 
veterans  the  University  of  Illinois  ran 
up  against  some  tough  problems.  Ad- 
ditional   men    were    needed    for    admin- 
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YEARS 
OF  NEW 
IDEAS 

±0  MAINTAIN  a  top  position  in  the 
aircraft  industry  for  more  than  36  years  re- 
quires the  engineering  of  new  designs  through 
the  apphcation  of  engineering  experience  plus 
imaginative  thinking.  Chance  Vought  Aircraft 
has  offered  the  opportunity  for  such  a  career 
since  the  day  of  its  founding  in  1917  when  it 
began  the  design  of  the  VE-7,  a  two-seated 
biplane  which  was  redesigned  for  the  Navy  as 
the  VE-9. 

During  the  past  36  years  young  engineers 
and  scientists  have  been  an  important  source 
of  these  new  ideas.  Today,  more  so  than  ever 
before,  many  interesting  career  opportunities 
are  available  at  Chance  Vought  as  the  com- 
pany designs  the  latest  versions  of  the  F7U-3 
Cutlass,  the  "Regulus"  guided  missile  and  other 
high  speed  fighter  aircraft  projects. 


The  achievements  of  the  past  36  years  at 
Chance  Vought,  great  as  they  have  been,  offer 
little  means  of  evaluating  fully  the  potential  of 
aviation's  future.  If  you  are  interested  in  a  po- 
sition with  an  unlimited  future,  a  position  with 
the  constant  responsibility  of  evaluating  and 
applying  new  ideas,  if  you  are  interested  in 
working  for  a  company  with  a  wealth  of  experi- 
ence in  its  line  and  yet  ambitious  to  create  the 
latest  designs  in  its  field,  investigate  the  em- 
ployment opportunities  at  Chance  Vought. 

Engineering  and  scientific  graduates  are 
invited  to  contact  their  Placement  Officer  to 
arrange  for  a  personal  interview  when  the 
Chance  Vought  Engineering  Personnel  Repre- 
sentative visits  on  campus. 


( 


Chance  Vought  Aircraft 


INCORPORATED 


Dallas 


Texas 


FEBRUARY,    1954 


33 


istrativc  posts  iii  all  lolu-tics  ami  amonn 
thciii  came  Professor  Rose,  as  director 
of  engineeriiifj  informations  anil  inibli- 
cations. 

With  a  firm  backgroiaul  in  education 
he  has  ably  filleil  the  job  of  a  public 
relations  ailniinistrator  in  engineerin;;. 
Professor    Rose's    experience    goes    back 


LISLE   A.  ROSE 

t\\"ent> -eight  \ears,  to  graduation  from 
the  I  niversity  of  Chicago.  There  he 
completed  his  formal  study  with  a  Doc- 
tor's degree  in  literature  and  a  nod 
towards  American  History.  His  inter- 
ests soon  focused  themselves  on  the  en- 
gineering profession.  He  became  a  liai- 
son man  who  promoted  information  on 
problems  of  engineering  education,  and 
has  assisted  in  planning  better  programs 
for  young  engineers.  Professor  Ro,-e  be- 
lieves in  a  well-rounded  education  which. 


would  include  more  of  the  luunanities 
and  .social  science  courses.  He  realizes 
the  great  need  for  this  knowledge  in 
the  world  of  today  and  the  success  of 
Illinois  engineers  proves  his  point. 

Professor  Rose  has  held  teaching  po- 
sitions at  Culver  Miliatry  Academy, 
the  I  niversity  of  Chicago,  and  Michi- 
gan Tech,  where  he  became  a  depart- 
ment head  in  1939  and  public  relations 
director  in  1945.  He's  written  several 
publications  on  the  subject  of  engineer- 
ing education  and  is  credited  with  many 
reports.  His  fields  also  include  eco- 
nomics anil  go\ernment,  and  problems 
which  influence  their  roles  in  history. 
Hi>ti)r\  is  one  of  his  favorite  subjects. 
He  probably  knows  more  about  the 
ci\  il  war  than  did  I  hsses  ( irant  him- 
self. 

Professor  Rose  holds  the  local  chair- 
manship for  the  62nd  annual  meeting 
of  the  Society  for  Engineering  Eduction 
which  is  holding  its  convention  here  in 
1934.  He  is  a  Fellow  of  the  Royal 
Society  of  Arts,  Manufactures,  and 
Commerce.  In  general,  however.  Pro- 
fessor Rose  concentrates  his  activity  and 
ability  from  his  office  in  the  C.  E. 
building.  From  there  he  cooperates  with 
other  staff  and  faculty  members  on  new 
educational  projects  which  help  mold  the 
student  of  today  into  the  engineer  of 
tomorrow. 


Confucius  says,  "Modern  women  put- 
ting up  such  a  false  front,  man  never 
knows  what  he  is  up  against." 

*        *-        s 

Ken :  "What  did  the  usherette  say 
when  her  strap  broke?" 

Ray  (a  non  engineering  student)  "I 
ilunno.  " 

Ken:  "1  have  two  down  in  front." 


"Of  course  I  lo\e  \()u,  Tom,"  and 
she  took  off  her  stockings.  "We  will 
ha\e  the  sweetest  little  bungalow,"  and 
she  took  off  her  sports  sweater.  "We 
will  h;i\e  a  lot  of  little  flower  beds," 
and  she  rook  off  her  skirt.  "Tom,  dear. 
wh\-  can't  we  be  married  in  the  spring 
when  all  the  world  is  filled  with  laugh- 
ter?" and  she  took  off  her  camisole.  "If 
\ou  prefer  the  fall  I  prefer  it  too,  be- 
cause we  are  as  one,  sweetheart,"  and 
she  took  off  her  petticoat.  "Tom,  dear, 
tell  me  once  more  that  you  love  me,  " 
and  she  removed  her  last  vestige  of 
clothing.  "Tom,  honey,  I  better  sa\ 
goodnight  for  I  have  to  get  up  earh 
in  the  morning."  And  she  hung  up  the 
receiver. 

»        «        * 

Fie  upon  thee,  little  man 
With  thy  slide  rule  in  hand: 
Seated  at  \our  work  all  day 
While     your     roommates     drink     and 
play: 

Throw  away  your  graphs  and  charts 
Xow's  the  time  to  switch  to  arts. 

When  Sue  returned  from  a  ride,  her 
mother  noticed  that  one  of  her  shoL-s 
was  muddy. 

"Why  is  your  right  shoe  mudih"  and 
and  not  your  left?"  she  asked. 

"I  changed  my  mind,"  Sue  answered. 

They  say  that  Professor  K.  Cycle 
gives  a  well-rounded  course  in  commun- 
ications. Everything  that  he  doesn't  give 
in  class  during  the  semester  he  includes 
on  the  fin.il  examination. 

-tr  *  * 

The  man  didn't  say  a  word  when  he 
ran  o\er  iiis  cat  with  a  steam  roller. 
Just  stood  there  with  a  long  puss. 


Veni 


How  Venice   Built  Liberty  Ships 
In   the   15th  Century 

:e,    the    world's    first    modern    state,    apparently 


Throughout  the  13th  and  16th  centuries,  a  Wnetian 
water  basin  called  the  Arsenal,  which  employed  16,(100 
men  and  manufactured  everything  from  cannon  to  nails, 
was  the  world's  largest  industrial  plant.  There  Venice 
built  a  standardized  trading  vessel  which  could  be  quickly 
converted  into  a  galley  of  war. 

When  finished,  the  galley  was  towed  slowh  down  a 
canal,  and,  as  it  passed,  workmen  reached  out  of  win- 
dows on  either  side  and  loaded  on  its  equipment.  When 
the  vessel  reached  the  c'ld  of  the  street,  everything  neces- 
sary was  on  board,  including  cordage,  oars,  armament, 
food,  and  a  full  complement  of  men. 

"In  this  manner,"  wrote  a  Spanish  visitor  in  14.-!(i, 
"there  came  out  ten  galleys  fully  armed,  between  the 
hours  of  thiee  and  nine."  In  1370,  during  the  war  with 
the  Turks,  the  Arsenal  turned  out  a  h\indred  fully  out- 
fitted  galleys  in   a  hundred   da\s. 


What  the  devil  did  he  want  in  that  galley. 
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Role  of  the  Engineer 
the  Navy 


in 


by  Joe  Endres,  Chem.  '54 


Since  the  adxent  of  the  industrial 
revolution,  the  field  of  engineering  and 
the  natural  sciences  relating  to  engineer- 
ing have  expanded  considerably.  The 
broad  expansion  of  industry  has  necessi- 
tated the  subsequent  specialization  by 
the  engineer.  The  engineer  must  still 
acquire  a  good  knowledge  of  the  basic 
engineering  principles,  but  then  usually 
concentrates  upon  a  particular  phase  in 
his  field  of  engineering. 

Let  us  say  for  example  that  one  is  a 
civil  engineer.  A  civil  engineer  may 
option  in  such  courses  as  structural,  or 
sanitary  or  possibly  railway  engineering. 
The  basic  principles  for  each  of  these 
options  is  the  same,  but  since  there  is  a 
particular  amount  of  specialized  training 
needed  in  each  case,  each  is  given  a  spe- 
cial name.  However,  each  of  the  above 
mentioned  options  is  basically  related  to 
the  general  field  of  civil  engineering. 
Thus,  it  is  relatively  easy  for  a  civil 
engineer,  or  any  engineer  as  a  matter  of 
fact,  to  shift  from  one  job  to  another. 

The  skilled  and  semiskilled  worker 
on  the  other  hand  finds  it  difficult  to 
shift  from  one  job  to  another.  A  worker 
has  developed  a  special  skill  which  is 
particular  for  his  type  of  job.  He  is 
therefore  able  to  do  his  job  better  than 
anyone  else.  This  is  the  usual  arrange- 
ment between  the  worker  and  the  engi- 
neer found    in    industry. 

So,  too,  the  military  forces  of  toda\' 
have  realized  the  advantages  of  training 
its  personnel  in  a  manner  described 
above.  Such  a  system  is  widely  employed 
in  the  Navy  of  today.  The  enlisted  men 
in  the  Xavy  are  trained  for  a  particular 
r\pe  of  job  or  duty,  while  the  line 
"tticers  are  given  a  general  training 
inurse.  Thus  the  officer  is  capable  of 
taking  over  and  coordinating  any  type 
lit  job. 

The  Xavy  has  established  Naval  Re- 
■■rive  Officer  Training  Units  at  fifty- 
two  universities  and  colleges  throughout 
the  country  for  the  purpose  of  training 
line  officers.  The  line  of ficer,  whether  he 
be  an  engineer  or  sociology  major,  is 
required   to   complete  certain   courses   in 


Xa\al  History,  Ordnance  and  Gunnery, 
Xavigation  and  Aerology,  Xaval  Ma- 
chinery, Damage  Control  and  Military 
Law. 

To  augment  the  experience  and  train- 
ing of  the  potential  officer,  each  candi- 
date is  required  to  complete  three  sum- 
mer training  criuses  during  his  four 
years  at  college. 

When  a  midshipman  first  boards  a 
ship  for  his  summer  cruise  he  is  surprised 
at  the  compactness  of  the  machinery  and 
equipment.  After  his  first  tour  through 
the   ship,   the   midshipman   sees   that   the 


na\al  warship  is  highly  mechanized.  He 
sees  that  the  operation  and  maintenance 
of  the  ship  requires  that  every  man  do 
his  job  correctly.  The  heaviest  burden 
falls  upon  the  Engineering  Department 
and  the  men  assigned  to  it.  Since  we  are 
particularly  interested  in  engineering,  let 
us  look  at  the  organization  of  the  engi- 
neering department  aboard  a  typical 
ship. 

The  head  of  the  department  is  the 
engineering  officer.  This  officer  has  cog- 
nizance over  all  the  men  and  equipment 
assigned  to  his  department.  The  depart- 
ment is  broken  down  into  divisions,  with 
a  line  officer  at  the  head  of  each  of  the 
divisions.  Each  division  is  made  up  of 
enlisted  men  trained  for  a  particular  job, 
such  as  boilerman,  machinist  mate  or 
electrician's  mate.  The  engineering  divi- 
sions operate  and  maintain  all  the  equip- 
ment assigned  to  them,  and  any  other 
equipment  assigned  to  some  other  de- 
partment which  do3s  not  have  any  men 
qualified  to  operate  the  equipment.  This 
is  but  a  superficial  breakdown  of  the 
engineering  department  and  the  duties 
assigned  to  it. 

During  the  cruise  the  midshipman  is 
assigned  to  the  engineering  department 
for  two  or  three  weeks.  During  this  pe- 
riod, the  midshipman  stands  watches 
with   the  enlisted   men  and   the  officers. 


-Courtesy   Ihc  loii'ti    Transit 
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He  helps  and  watches  the  enlisted  men 
in  their  work.  Every  opportunity  is 
given  the  niiilshipnian  to  actually  operate 
and  see  the  equipment  used  on  board  a 
ship.  Thus,  when  the  "nu'ddie"  fjets  back 
to  his  unit,  and  studies  in  detail  the  op- 
eration ot  the  \arious  pieces  of  equip- 
ment, he  gets  a  better  understaiuliiif;  of 
the  equipment. 

There  arc  numerous  lectures  given  by 
the  officers  on  such  general  subjects  as 
special  fire  control  equipment,  electrical 
systems  or   boiler  operation. 

The  midshipman  also  is  exposetl  to 
the  administrati\e  work  involv"d  in  the 
proper  operation  of  the  department.  The 
\a\  \  requires  that  a  complete  record  be 
kept  of  every  piece  of  equipment  and 
machinery  assigned  to  the  department. 
.A  record  of  any  adjustments,  replace- 
ments or  alterations  is  kept  in  the  histor\' 
of  a  piece  of  equipment.  If  the  equip- 
ment has  any  peculiarities  or  requires 
any  special  adjustment,  this  too  is  noted 
in  these  records. 

After  completing  his  cruise  the  mid- 
shipman returns  to  college  and  completes 
his  work.  Thus,  during  his  four  years  at 
school  the  student  receives  training  in 
his  chosen  field  plus  the  theoretical  and 
practical  training  required  by  the  Navy. 

When  the  midshipman  finishes  his 
schooling  he  receives  a  commission  as  an 
ensign,  and  is  assigned  to  a  ship.  Likely 
as  not  he  will  be  assigned  to  the  engi- 
neering department.  The  officer  now 
has  to  learn  how  to  handle  men,  and  to 
perform  the  necessary  administrative  du- 
ties required  of  an  officer.  Because  of 
the  complexity  of  naval  warfare  and 
ship  board  operation,  the  actual  opera- 
tion of  the  ship  and  its  equipment  is 
entrusted  to  the  enlisted  men.  The  of- 
ficers act  as  a  supervisory  group.  How- 
ever, the  officer  still  is  required  to  know 
the  operation  of  the  equipment.  He  will 
be  responsible  to  see  that  the  proper 
orders  are  given. 

Thus  the  engineer  in  the  Xav>'  does 
two  jobs.  He  uses  his  technical  knowl- 
edge to  supervise  the  operation  of  his 
men  and  the  equipment  that  they  oper- 
ate. The  officer-engineer  also  has  many 
administrati\e  and  executive  duties  to 
perform. 

The  officer  who  does  not  wish  to  stay 
in  the  services  can  use  the  technical  and 
administrative  training  that  he  has  re- 
ceived in  a  civilian  job.  The  engineer 
has  been  able  to  use  his  engineering 
training,  has  learned  leadership,  and  has 
learned  some  administrative  procedure. 
Probably  the  most  important  thing  that 
he  has  learned  in  the  Navy  is  leadership, 
something  that  a  man  in  college  has  lit- 
tle chance  to  develop. 


A  pliilosophizing  friend  remarks  that 
a  man  ne\er  knows  whether  he  likes 
bathing  beauties   until   he's   bathed   one. 
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To  the  E.  E. 

or  Physics 
Graduate 

with  experience  in 

Radar 
Electronics 


Here's  a  new  kind  of  career 


Hughes  Research  and 
Development  Laboratories 
are  engaged  in  a  con- 
tinuing program  for 
design  and  manufachire 
of  advanced  radar 
and  fire  control  systems 
in  military  all-weather 
fighters  and  interceptors. 


YOU  WILL  serve  as  technical 
advisor  in  the  field  to  comi)a- 
nies  and  government  agencies 
using  Hughes  equipment. 

TO  BROADEN  your  field  of 
experience  in  radar  and  elec- 
tronics you  will  receive  addi- 
tional training  at  full  pay 
in  the  Hughes  Laboratories  to 
become  thoroughly  familiar 
with  Hughes  radar  and  fire 
control  equipment. 

AFTER  TRAINING  yoU  will  be 
the  Hughes  representative  at 
a  company  where  our  ecjuip- 

ment  is  installed;  or  you 
~;r:=-    will  direct  operation 

of  Hughes  equipment  at 
a  military  base. 

THE  GREATEST  advancements 
in  electronics  are  being  made 
in  this  sphere  because  of  mili- 
tary emphasis.  Men  now  under 
35  years  of  age  will  find  this 
activity  can  fit  them  for  future 
application  of  highly  advanced 
electronic  equipment. 


Hughes 


Research 

and 

Development 

Laboratories 

SCIENTIFIC 
AND 

ENGINEERI^ 
STAFF 

Culver  City,  Los  Angeles  County,  Calif. 
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A  nother  page  for 


P'^ 


YOUR  BEARING  NOTEBOOK 


How  engineers  designed  .0002" 
accuracy  into  a  gear  shaver  table 

To  get  the  high  accuracy  necessary  in  gear  shaving 
operations,  engineers  had  to  have  extreme  spindle 
rigidity.  If  the  spindle  could  be  held  rigid,  it  would 
eliminate  chatter  and  vibration.  To  get  this  rigidity, 
engineers  mounted  the  table  spindle  of  this  gear  shaver 
on  Timken"'  tapered  roller  bearings.  The  result— a 
measurement  of  this  gear  shaver's  accuracy  showed  a 
maximum  runout  of  .0002",  exceptional  in  view  of  the 
fact  that  these  bearings  have  11  Y&"  and  lOVi"  bores. 


How  TIMKEN'  bearings  hold 
spindles  in  rigid  alignment 

Deflection  is  minimized,  end-play  and  chatter 
eliminated  because  the  tapered  construction  of 
Timken  bearings  enables  them  to  take  any  com- 
bination of  radial  and  thrust  loads.  Line  contact 
between  rollers  and  races  gives  spindles  wide 
support  for  extra  rigidity. 


s  TIMKEN 


~/    TAPERED  ROLLER  BEARINGS 


Want  to  learn  more  about 
bearings  or  job  opportunities? 

Many  of  the  engineering  problems  you'll  face  after 
graduation  will  involve  bearing  applications.  For 
help  in  learning  more  about  bear- 
ings, write  for  the  270-page  Gen- 
eral Information  Manual  on  Timken 
bearings.  And  forinformationabout 
the  excellent  job  opportunities  at 
the  Timken  Company,  write  for  a 
copy  of  "This  Is  Timken".  The 
Timken  Roller  Bearing  Company, 
Canton  6,  Ohio. 


NOT  JUST  A  BALL  O  NOT  JUST  A  ROLLER  a=D  THE  TIMKEN  TAPERED  ROLLER  otd 
BEARING  TAKES  RADIAL  ^  AND  THRUST  -®-  LOADS  OR  ANY  COMBINATION  ^- 
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Leonardo  da  Vind 


by  Donna  Rudig,  E.  Physics,  '57 


Leonard  lia  Vinci,  considered  by 
many  to  be  one  ot  tbe  greatest  geniuses 
of  ail  time,  had  a  \ersatile  mind  which 
explored  ever\-  type  of  art  and  almost 
all  of  the  sciences.  He  is  considered  to 
have  been  an  artist,  statesman,  archi- 
tect, engineer,  in\entor,  sculptor,  musi- 
cian, natural  philosopher,  statistician, 
mathematician,    and    physiologist. 


Leonardo  was  born  in  the  town  of 
Vinci,  in  Tuscany,  France,  as  the  son  of 
Ser  Piero  da  Vinci,  a  Florentine  law- 
yer. His  first  years  of  school  were  not 
as  enjoyable  to  the  young  boy  as  was 
walking  in  the  fields  and  hills  surround- 
ing town.  Often  in  those  early  years  he 
preferred  being  alone  in  the  hills  paint- 
ing scenes,  rather  than  playing  with  the 


Leonardo  Da   Vinci   (1452-1519). 


boys  of  his  age.  As  he  grew  older  he 
became  more  interested  in  school,  and 
was  soon  solving  many  difficult  mathe- 
matical and  engineering  problems  which 
puzzled  his  teachers.  When  do  Vinci 
was  eighteen,  the  senior  da  Vinci  became 
so  enthusiastic  over  the  boy's  artistic 
ability,  that  he  sent  him  to  study  under 
the  famous  Florentine  artist,  Andrea  del 
Verrocchio. 

The   years   between    1482-1499  were 
some   of   the   most   active    and    glorious 
ones  of  Leonardo's  life.  Having  by  this 
time  reached  fame  as  an  artist  and  scien- 
tist, Leonardo  was  invited  to  Milan,  at 
the'  invitation    of    the    Duke,    Ludovico 
Sforza.   While   there,   he   invented   arms 
and  machinery  for  use  in  war.  These  in- 
ventions included  a  mowing  machine  (a 
\ehicle    surrounded    by    scythes    to    cut 
down    enemy    foot    soldiers    and    horses, 
and  motivated  by  a  horse  located  in  the 
middle  of  the  contraption)   and  an  arm- 
ored  tank.    Hut  because  most  of  his  in- 
ventions were  too  advanced  for  that  era, 
he    turned    his    interests    elsewhere.    He 
made   plans   and    models  of   the    Milan 
cathedral,   then  supervised  the   building 
of  it,   acted  as  director  of  pageants  and 
masques,    improved     the     neighborhood 
canals    and    irrigation    and    produced    a 
colossal   equestrian   statue  of   the   father 
of   the   Duke.    In    1496,   in   the   nearby 
Dominician   convent    of    Santa     ^L^na 
delle  (irazia,  he  painted  the  world  fam- 
,ius  picture  of  the  "Last  Supper."  Dur- 
ing these  years  he  extended  his  research 
of   architectural  difficulties  and   physics. 
He    also     studied     statistics,     dynamics, 
human   and   animal   anatomy,  geometry. 
Phenomena  of  light  and  shade,   the  sci- 
ence   and    art   of    bronze    casting   on    a 
lan'e   scale,   and   better  methods  of   city 
-aiutation.    In    1499  he  made  studies  of 
the   tides  of   the   Exerxine   and   Caspian 
Seas,  and  submitted  drawings  and  mod- 
els  for   canalization    and    control    of   the 
waters  of   Aron. 

In  l^(H)  he  returned  to  Florence  to 
the  service  of  Cesare  Borgia,  Duke  of 
R.imahna,  as  an  architect  and  engineer. 
During  this  time  he  painted  the  picture 
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-Courtesy  Inlirnalioititl   Busuirss  Mat  liinr 


of  "Mona  Lisa."  In  the  year  1314 
Pope  Leo  X  invited  Leonardo  to  Rome, 
but  friends  of  Michelangelo  and  Ra- 
phael prejudiced  the  Pope  against  iLi 
Vinci,  who  finding  himself  not  welcome, 
returned   to  France  in   1515. 

Back  in  Prance  he  planned  canals 
and  moats,  and  made  drawings  and 
maps  of  the  territory  of  Naremma,  Tus- 
cany, and  L  mnia  between  the  Apennines 
and  the  Tyrrhene  Sea.  He  planned  the 
restoration  of  the  palace  of  Frederic  II 
and  designed  a  new  palace  to  be  built 
at  Amboise. 

Leonardo  was  the  first  painter  to  rec- 
ognize the  play  of  light  and  shade  upon 
objects,  and  was  especially  attracted  to 
unaccustomed  appearances,  such  as 
strange  shapes  of  hills  and  rocks,  or  rare 
plants   and    animals.    He   stuilied    optics. 


persepecti\e,  libration,  proportion,  and 
muscular  control,  for  his  insatiable  mind 
was  always  trying  to  find  the  laws  and 
cau.ses  which  nature  hid.  His  architec- 
tural and  engineering  projects  amazed 
e\en  his  fellow-citizens  of  Alberti  and 
HrLuielleschi.  He  was  Watt's  precursor; 
only  he  intended  steam  to  project  a  mis- 
sile from  a  cannon.  He  devised  a  sort 
of  snorkel  which  would  allow  a  per.son 
to  remain  submerged  underwater  for 
long  periods  of  time.  An  airplane  which 
he  designed  included  a  board  on  which 
the  operator  lay  and  operated  oars  or 
wings  with  his  feet.  IVIany  people  be- 
lif\e  that  at  least  one  of  his  airplanes 
would  ha\e  flown  if  it  had  been  equip- 
ped with  an  engine.  Leonardo  was  a 
true  pioneer  of  science,  working  wholly 
for  the   future.   A  hundred   \eais  before 


Bacon,  he  shower  a  firmer  grasp  of  the 
principles  of  experimental  science  th.m 
did  his  successor.  He  had  knowledge  of 
many  things  which  Newton,  (jallileo, 
and  Harve\'  would  someday  discover; 
but  much  of  his  knowledge  was  kept 
from  mankind  for  years,  since  he  wrote 
all  his  notes  lefthanded,  backhanded, 
and  right  to  left  across  the  page,  which 
was  hard  to  decipher. 

On  Easter  Eve  in  I51Q.  Leonardo 
felt  the  end  was  near  and  made  his  will, 
then,  on  the  da\'  of  his  death,  he  re- 
newed the  Sacraments  of  the  Church. 
He  died  on  May  2,  and  was  provisor  of 
three  different  masses  in  three  different 
churches  in  Ardroise.  Sixty  poor  men 
were  torch  bearers  in  the  funeral  pro- 
cession to  St.  Florentin,  where  he  was 
buried. 
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teeth  for  a  1000  h.p.  bite  .  • . 


Undoubtedly  you  will  recognize 
this  application  of  a  familiar  tech- 
nique for  studying  stresses.  In  this 
case,  it  was  used  to  develop  gears 
that  are  less  than  5  inches  in 
diameter  yet  easily  transmit  over 
1000  horsepower. 

Inherently,  the  design  and  de- 
velopment of  aircraft  engines  offers 
unusual  opportunities  for  applying 
basic  engineering  principles 
learned  in  school.  In  few  other 
places  can  a  technical  graduate 
utilize  his  education  and  abilities 


more  fully  —  gain  recognition  and 
advancement. 

Many  of  our  engineers  who  had 
important  roles  in  developing  the 
most  powerful  jet  engine  known  to 
be  in  production  —  rated  in  the 
10.000-pound  thrust  class  —  are 
still  in  their  twenties. 

To  those  young  graduates  who 
can  see  the  career  possibilities  in 
tlie  rapidly  evolving  field  of  air- 
craft propulsion,  we  can  offer  a 
real  opportunity  for  growth  and 
professional  development. 


PRATT    &     WHITNEY    AIRCRAFT 

Division  of  United  Aircraft  Corporation 

East   Hartford   8,  Connecticut 
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TORRINGTON  NEEDLE  BEARINGS 

help  make  products  more  compact 


These  days,  design  engineers  have 
to  consider  sales  charts  as  well  as 
blueprints  and  specifications. 

Two  portable  electric  drills, 
for  example,  may  have  the  same 
capacity,  the  same  speed,  the 
same  chucks  and  the  same  price, 
yet  one  may  outsell  the  other. 
Factors  like  overall  appearance, 
compactness,  and  light  weight 
often  contribute  to  product 
success. 

Unique  Design 

Promotes 

Compact  Designs 

The  Torrington  Needle  Bearing 
has  been  used  in  many  products 
because  of  the  weight  and  space 


savings  it  affords.  Its  unique  de- 
sign— a  thin  hardened  outer  shell 
retaining  a  full  complement  of 
small  diameter  rollers — gives  it 
maximum  capacity  in  minimum 
space.  In  fact,  for  its  size  and 
weight,  the  Needle  Bearing  can 
carry  higher  radial  loads  than  any 
other  type  of  anti- friction  bearing. 

Permits  Reduction 

in  Size  and  Weight 

of  Related  Parts 

In  the  electric  drill  shown  here 
the  small  size  of  the  Needle  Bear- 
ing permits  close  shaft  center 
distances  to  make  for  overall 
compactness.  And,  since  Needle 


Bearings  are  press-mounted  in 
plain  round  housing  bores — with- 
out retaining  rings  or  shoulders — 
housings  can  be  made  smaller  and 
lighter.  The  fact  that  Needle 
Bearings  require  no  inner  race 
when  running  on  hardened  shafts 
results  in  further  savings,  without 
sacrificing  capacity  or  durability. 
Needle  Bearings  are  in  use  on 
many  other  products  where  com- 
pactness and  light  weight  are  im- 
portant design  factors.  Aircraft, 
small  gasoline  engines,  hydraulic 
pumps  and  materials  handling 
equipment  are  just  a  few  of  the 
products  that  utilize  the  Needle 
Bearing's  high  capacity  and  small 
size  to  good  advantage. 


THE   TORRINGTON   COMPANY 

Torrington,  Conn.      •      South  Bend  21,  Ind, 
District  Offices  and  Distributors  in  Principal  Cities  of  United  States  and  Canada 


NEEDLE    •  SPHERICAL  ROLLER    •    TAPERED  ROLLER    •    CYLINDRICAL  ROLLER    •    BALL    •    NEEDLE  ROLLERS 
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Make- Up  of  the 
Technograph 

by  Tom  Brody,  M.E.  '56,  and  Don  Kesler,  E.E.  '56 


()t  all  the  luiiiKMOus  operations  that 
go  into  the  preparation  of  the  Tnh- 
nograph  each  and  every  month,  tht- 
actual  process  of  "make-up"  is  perhaps 
the  least  exciting,  but  certainly  one  of 
the  most  important.  What  constitutes 
"make-up?" 

The  "make-up"  staff  consists  of  Don 
Kesler,  "make-up"  editor  and  six  as- 
sistants, Sandra  Rains,  Richard  (lustaf- 
son,  Craig  Soule,  Millard  Darnall, 
Larry  Geer,  and  John  Erickson,  all 
under  the  supervision  of  Tom  Brody, 
assistant  editor  of   the   Technogrnph. 

Make-up  begins  with  the  editorial  de- 
partment's monthly  assignments,  which 
must  be  given  with  consideration  to  the 
size  of  the  magazine.  As  with  all  other 
magazines  dependent  on  advertising  as 
its  mainstay,  the  Tfch/iogrtiph's  make-up 
UHist  necessarily  be  arranged  to  best 
compliment  our  advertisers,  all  of  whom 
are  accustomed  to  national  coverage  in 
all  the  better  professional  and  trade 
journals  of  engineering  and  related 
fields.  With  each  ad  insertion  order 
comes  a  request  for  the  position  desired. 
Typical  requests  are  "a  right  hand  page 
in  the  rear  or  the  front,"  "best  possible," 
and  "inside  right  front  cover."  Natural- 
ly an  advertising  company  doesn't  want 
its  ad  to  appear  facing  the  ad  of  a  com- 
petitor, and  it  is  not  inicommon  for 
several  oil,  steel,  rubber,  chemical,  air- 
craft, and  tool  concerns  to  have  com- 
petitive ads  in  one  issue  of  the  Techno- 
graph. In  case  of  duplicate  requests, 
prefcrance  is  given  to  the  regular  ad- 
vertisers. 

The  advertising  "dummy"  is  com- 
piled with  the  assistance  of  Paul  LaVio- 
lette,  business  manager  for  the  Techno- 
graph. ..The  "proofs"  of  the  ads  are 
pasted  in  before  any  of  the  "copy"  or 
written  material,  called  "galley"  is  in- 
serted. The  "galley,"  after  being  proof- 
read by  the  editorial  staff,  is  returned 
in  the  columnar  form,  of  the  same  width 
as  it  will  appear  in  the  complete  maga- 
zine. This  pasting  up  of  the  master  copy 
or  dummy  is  the  most  time  consuming 
single  operation  of  the  Technograph's 
monthh    production    cycle.    Pictures    or 


"cuts"  are  gathered  and  processed  by 
Howie  Hadler,  associate  editor,  and 
must  all  be  printed  as  proofs.  The  cuts 
are  then  trimmed  to  size  and  each  com- 
plete article  is  measured  for  an  esti- 
mate of  length.  As  the  number  of  pages 
for  each  issue  must  be  a  multiple  of 
eight,  it  is  of  utmost  importance  to 
know  the  length  of  each  article,  as  well 
as  that  of  the  advertising.  The  only 
means  of  extending  or  condensing  the 
space  alloted  for  each  article  is  to  vary 
the  space  fo  rthe  title  or  "head,"  and  to 
fill  in  after  an  article  with  jokes,  which 
are  always  on  hand  in  the  conventional 
galley   form. 

As  the  advertising  dummy  takes 
shape,  the  articles  are  clipped  in  their 
respective  places  in  order  to  see  that 
the  available  space  is  all  filled  and  to 
gain  an  overall  picture  of  the  magazine 
as  a  unit.  The  real  headaches  start  from 
this  point,  with  the  actual  arranging  of 
each  page,  complete  with  pictures  and 
"head."  The  staff  then  cracks  out  the 
scissors,  rubber  cement,  and  blue  pen- 
cils, and  prepares  for  several  long  eve- 
nings. 

A  t\pical  article  ma\'  have  a  total  of 
fifty  galley  inches,  two  two-column  cuts 
three  inches  high,  one  single  column  cut 
two  inches  high,  and  a  three  column 
width  graph  two  inches  high,  giving  a 
total  of  seventy  inches  of  material  for 
the  article.  Each  in  the  Technograph 
contains  thirty  column  inches,  and  if 
three  pages  have  been  alloted  for  the 
article,  twenty  inches  are  left  over  for 
the  head.  The  picture  "cuts"  all  require 
sub-titles  or  "captions,"  as  we  call  them, 
which,  when  combined  for  the  four  cuts 
f^entioned  above,  will  give  approximate- 
Iv  fi\e  inches  when  printed.  This  leaves 
fifteen  inches  for  the  heail.  For  most 
articles  this  size  head  is  too  large  ;  con- 
sequently, five  inches  of  jokes  added  at 
the  end  would  leave  ten  inches  for  the 
head.  The  head  may  be  one,  two,  or 
three  columns  <is  the  article  deserves 
and  or  needs  for  a  well  balanced  lay- 
out. The  cuts  must  be  arranged  so  as 
to  produce  a  unit  that  is  pleasing  to  the 
eye,  and   also  in  harmony  with   the  ad- 


vertising that  may  or  may  not  be  along 
side  the  article.  Also,  since  April  of 
IQt.^,  the  Technograph  articles  have 
been  continuous — that  is,  they  no  longer 
are  continued  on  page  so  and  so  as  they 
were  i  nail  previous  issues  of  the  Tech- 
nograph. Articles  follow  page  for  page; 
so  the  reader  should  not  see  a  new  para- 
graph as  he  turns  the  page  to  finish  the 
article  he  is  reading.  This  detail  often 
necessitates  tearing  out  the  entire  arti- 
cle, and  starting  all  over,  as  does  a 
slight  error  in  figuring  the  total  num- 
ber of  inches  for  an  article  that  is  al- 
ready too  long  for  a  first  class  layout. 
Other  tedious  details  arise  with  the 
placement  of  fractional  page  ads.  Third 
page  ads  fit  well,  as  they  are  half  a 
page  high  and  two  columns  wide;  quar- 
ter page  ads  are  horses  of  a  different 
color.  They  must  be  run  side  by  side, 
because  of  their  one-and-one-half  column 
size,  but  must  not  be  run  four  to  a  page 
in  compliance  with  the  requests  from  the 
respective  advertisers.  If  our  advertising 
alottment  for  a  certain  month  is  three 
quarter  page  ads,  the  make-up  staff  must 
compose  a  fourth  ad  for  the  Techno- 
graph to  use  the  remaining  space.  By 
this  time,  the  old  clock  says  one  a.  m., 
and  we  decide  to  give  up  for  that  eve- 
ning. Several  nites  later,  we  find  that 
we  have  all  the  articles  pasted  in,  but 
all  is  not  over.  Each  "cut"  caption  must 
be  typed  on  sheets,  corresponding  to 
the  number  of  column  width  of  the  cap- 
tion. This  procedure  must  be  repeated 
for  "by-lines,"  and  "lead-ins,"  which 
give  the  author  and  introduce  the  arti- 
cle, respectively.  The  table  of  contents, 
containing  an  up-to-date  staff  tally,  and 
the  captions  for  the  frontispiece  and 
cover,  referred  to  as  a  unit,  as  the  mast- 
head" must  also  be  typed.  Since  the  arti- 
cle's cut  captions  appear  only  on  the 
separate  typed  sheets,  the  first  few  lines 
of  each  caption  must  be  pasted  below 
their  respective  "cuts"  to  aid  the  type 
setters  after  the  captions  have  been  cast 
on  the  linotype,  according  to  their 
column  width.  The  deadline  is  three 
a.  m.,  and  at  this  stage,  we  are  ready 
for  a  quick  trip  to  the  Illini  Publishing 
Company,  where  after  half  an  hour  of 
explanations  and  apologies  to  the  type 
setters,  we  leave  the  'Technograph  for  a 
few  short  weeks,  that  is  until  its  time 
to  start  the  cycle  again. 


"Mister,  if  you  think  you  can  kiss 
me  like  that  again,  I'll  have  something 
to  sa\'  about  it." 

"Well,  I'm  going  to,  so  start  talk- 
ing." 

"The  light  switch  is  right  next  to  the 

piano." 

*      -*      -* 

When  you  knock  at  the  door  and  find 
hubby  home,  then,  brother,  sell  some- 
thing. 
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THE  DU  PONT 

DIGEST 


A  major  in  glibness  and  a  minor  in 
solid  information — those  were  the 
mythical  requirements  for  a  sales- 
man in  the  old  days.  But  they  really 
never  sufficed  for  a  man  selling  the 
products  of  chemical  technology. 

Today,  the  diverse  applications  of 
Du  Font's  1200  products  and  prod- 
uct lines  create  a  need  for  trained 
sales  personnel  representing  many 
different  technical  backgrounds. 
These  men  must  deal  intelligently 
with  problems  in  chemistry  and  en- 
gineering applied  to  such  fields  as 
plastics,  ceramics,  textiles,  and  many 
others. 

Du  Pont  technical  men  are  as- 
signed to  various  types  of  technical 
sales  activity.  In  some  spots  they  are 
equipped  to  handle  all  phases  of  sell- 


Technical 
Sales 


ing.  In  others  they  deal  mainly  with 
customer  problems.  Also,  certain  de- 
partments maintain  sales  develop- 
ment sections,  where  technical  prob- 
lems connected  with  the  introduction 
of  a  new  product,  or  a  new  applica- 
tion for  an  established  product,  are 
worked  out. 

For  example,  a  technical  man  in 
one  of  Du  Font's  sales  groups  was 
recently  called  upon  to  help  a  cus- 
tomer make  a  better  and  less  expen- 
sive hose  for  car  radiators.  Involved 
were  problems  in  compounding,  such 
as  choice  and  amount  of  neoprene, 
inert  fillers,  softeners,  accelerators, 
and  antioxidants.  Correct  processing 
methods  also  had  to  be  worked  out, 
including  optimum  time  and  tem- 
p)erature  of  milling  and  extruding. 
The   successful  completion  of  this 


project  naturally  gave  a  good  deal 
of  satisfaction  to  the  customer  as 
well  as  Du  Pont. 

In  another  case  a  customer  wanted 
to  reduce  carbon  contamination  of 
arc  welding  rod  stock.  A  Du  Pont 
technical  service  man  suggested 
changes  in  cleaning  procedures  that 
lowered  contamination  by  90  per 
cent.  The  new  process  also  reduced 
metal  loss  during  heat  treatment — a 
benefit  that  more  than  offset  the  cost 
of  the  additional  cleaning  operations. 

Technical  men  interested  in  sales 
work  usually  start  in  a  laboratory  or 
manufacturing  plant  where  they  can 
acquire  needed  background.  Depend- 
ing on  tlieir  interest  and  abilities, 
they  may  then  move  into  technical 
sales  service,  sales  development,  or 
direct  sales. 

In  any  of  these  fields,  the  man 
with  the  right  combination  of  sales 
aptitude  and  technical  knowledge 
will  find  interesting  work,  and  excep- 
tional opportunities  for  growth  in  the 
Du  Pont  Company. 


W.A.Hawkins  (/,-/7i,  B.S.M.E..  ( 'ari>,t;ii 
Tech.,  demonstrates  extrusion  of  "Teflon" 
tetraHuoroethylene  resin  for  a  customer. 


James  A.  Newman,  B.S.  in  Ch.E.,  North  Carolina  State  (left),  discusses  study  of  optimum 
settings  and  conditions  for  carding  nylon  staple  with  Prof.  J.  F.  Bogdan  of  North  Carolina 
State's  Research  Division. 


ASK    F^R    "Chemical    Engineers    at 

DuPonf."Thisni-willustran-dl.o,,kli-l 
describes  initial  a.^isignmenls.traininf;, 
and  paths  of  promotion.  Just  send  a 
post  card  to  E.  I.  du  Pont  de  Noinours 
&  Co.  (Inc.),  2521  Nemours  Building, 
Wilmington,  Delaware.  Also  avail- 
able: "Du  Pont  Company  and  the 
College  Graduate"  and  "Mechanica' 
Engineers  at  Du  Pont." 


BETTER   THINGS  FOR   BETTER  LIVING 

.  .  .  r.WROUGH  CHEMSIRY 


Watch  "Cavalcade  of  Amarlca"  on  Television 


■EBRUARY,    1954 
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How  A  Young  Industry  Proved  Its  Parts 
Were  Interchangeable 

A  (Irainatic  and  coiulnciiig  (icnionstration  was  given 
in  London  in  l')()8  of  the  rapid  progress  toward  stand- 
aidi/ation  tliat  the  United  States  had  even  then  achieved 
in  rile  inanutacture  of  its  automobiles. 

In  February  and  March  of  that  year,  Henry  \I. 
Leland  chose  three  one-cylinder  Cadillac  cars  at  random 
from  the  warehouse  of  the  agency  in  London.  The  cars 
were  taken  to  the  Rrooklands  Race  Track  and  there  were 
loniplftcly  dismantled.  A  control  commission  of  the  Royal 
Automobile  Club  of  England  scrambled  the  parts  into 
three  piles  of  724  each  and  then  replaced  89  of  the  parts 
with  new  parts  from  stock. 

Three  new  cars  were  reassembled  from  the  piles  of 
standardizeil  parts  without  hand  fitting.  The  only  tools 
allowed  were  wrenches  and  screwdrives;  files  and  emery 
cloth  were  forbidden.  The  cars  were  driven  500  miles 
o\er  the  Brooklanils  Track  with  only  one  minor  adjust- 
ment. 


All  are  but  parts  of  one  stupendous  whole. 


How  to  lick 

dust,  moisture  and  acid  fog 

prevalent   in    the   atmosphere    surrounding   the 
Runiford,  Mc.,  mill  of  the  Oxford  Paper  Company 
posed  a  problem  in  power  circuit  maintenance.  The 
combination  of  these  elements  caused  wooden 
structures  and  even  over-voitage   insulators  to 
become  conducting,  resulting  in  phase-to-phase  flashovers 
and  burndowns  when  ordinary  overhead  wires  were  used. 

The  solution  of  this  serious  problem  was  found 
by  substituting  Okolite-Okoprene  Self-Supporting  Aerial 
Cable  for  the  open  wires.  According  to  company  oflTicials,  the 
combination  of  Okolite  high  voltage  moisture  and  heat  resisting! 
insulation,  protected  by  nonconducting  weather  and  chemical 
resistant  Okoprene  sheathing,  has  eliminated  this  trouble. 

•     •     •     • 

Tough  jobs  are  the  true  test  of  electrical  cable  .  .  .  and 
installations  on  such  jobs  usually  turn  out  to  be  Okonite. 


insulafed  wires  and  cables 


^^  £voporSP?^2^ 


plant,  or  a  hotel  .  .  . 
if  you  use  refrigeration, 
you  can  save  95%  of 
the  cooling 


and      lots     of 


money 


/ith  these  effi- 
cient condensers.  They 
combine  a  condenser 
and  a  cooling  tower 
.  .  .  evaporate  5%  of 
the  water  instead  of 
throwing  all  of  it 
away.  Built  in  12  sizes, 
lor  use  with  either 
ammonia  or  Freon. 


300-ton    condenser   being    assembled. 


For  a  position  with  a  future 
inquire  about  the  Frick  Graduate 
Training  Course  in  Refrigeration  and 
Air  Conditioning.  Operated  over  30 
years,  it  offers  a  career  in  a  growing 
industry. 
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put 

yourself  in 
his  place 


A  year  ago  he  was  knee-deep  in  textbooks, 
plugging^  for  his  B.S.  Tonight  he's  on  his 
way  to  VancouN-er,  or  Miami,  or  Portland, 
Maine.  Tomorrow  he'll  help  an  Alcoa  cus- 
tomer make  a  faster  ship,  a  stronger  shovel, 
a  lighter  highway  trailer. 

In  Alcoa  laboratories,  plants  and  sales 
offices  from  coast-to-coast,  ambitious  young 
Sales  Development  Engineers  are  helping 
to  make  aluminum  more  useful,  in  more 
ways,  to  more  people.  We  need  more  men 
just  like  them  to  help  us  meet  ever-growing 
demands  for  Alcoa  Aluminum  .  .  .  Alcoa 
"know-how". 


1  ALCOA  ON  TV  brings  the  world  to  your  armchair  with  "SEE  IT  NOW"  featuring  Edward  R.  Murrow.  Tuesday  evenings  on  most  CBS-TV  stations. 

'ebRUARY,    1954 
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by   Larry   Kiefling,   M.E.   '56 


World's  Largest  Electrical 
Equipment 

'I'lic  largest  single  piece  of  electrical 
equipment — in  physical  size — ever  built, 
was  placed  in  operation  for  the  Corps 
of  Engineers,  U.  S.  Army,  by  the  Gen- 
eral Electric  Company.  Officials  of  (j. 
E.'s  large  motor  and  generator  depart- 
ment revealed  that  the  first  hydraulic 
turbine-driven  generator  at  McNary 
Dam  on  the  Columbia  River  started 
operating  for  tests  recently. 

The  giant  1.500-ton  unit  is  the  first 
of  twelve  similar  generators  for  the  pro- 
ject.  Each  is  rated  at  73.684  kva. 

The  units  are  so  large  that  the  lar- 
ger components  of  each  are  shipped  in 
sections.  Between  35  and  40  railroad 
cars  are  needed  to  transport  all  the  com- 
ponents required  for  a  completed  unit 
to  the  powerhouse. 

The  first  two  of  the  McNary  gen- 
erators will  be  tvirning  out  electricity 
for  the  Northwestern  United  States  by 
the  end  of  the  year.  A  third  is  nearly 
ready  for  shipment. 

G-E  engineers  supervise  assembly  and 
testing  of  the  generators  before  the  units 
are  turned  over  to  the  Corps  of  Engi- 
neers for  regular  service. 

The  last  of  the  twelve  generators 
scheduled  for  McNary  Dam  will  be 
shipped   in    1955. 
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New  Tools  for  the  Materials 
Engineer 

Materials  engineers  at  Westinghouse 
Electric  Corporation  are  employing  new 
tools  to  speed  measurements  in  labora- 
tory testing. 

C^ne  is  the  fluorescent  x-ray  specto- 
graph  which  is  used  to  determine  with- 
in close  limits  the  constituents  of  a 
given  alloy.  While  standard  chemical 
methods  are  slow,  the  new  method  al- 
lows a  test  to  be  made  in  about  30  min- 
utes. A  beam  of  x-rays  is  shot  oblique- 
ly at  a  small  wafer  of  the  alloy.  This 
produces  secondary  rays,  each  combina- 
tion of  wavelengths  being  characteris- 
tic nf  a  particular  element.  Thus  the 
secondary-ray  output  is  first  separated 
by  a  grating  crystal  and  then  scanned 
through  an  180-degree  arc  with  a  Gei- 
ger  counter.  The  angle  of  the  second- 
ary ray  identifies  the  element;  the  in- 
tensity— its  amount.  The  method  is  ac- 
curate to  about  0.3  percent  for  com- 
ponents existing  in  quantities  of  more 
than  five  percent  in  an  alloy.  A  test  is 
made  in  about  30  minutes.  This  method 
of  analysis  supplements  the  emission  spec- 
tograph,  which  is  suitable  for  identifi- 
cation of  small  or  trace  amounts  of  alloy 
elements. 

Another  device  has  been  developed  to 
measure  the  permeability  of  new  mag- 
netic materials  over  a  spectrum  of  fre- 


quencies. With  it  the  initial  permeabd- 
ity  of  any  magnetic  material  can  be 
measured  over  the  frequency  range  of 
400  to   10,000  kilocycles. 

Measurement  of  hysteresis  loops  at 
high  frequencies  has  been  another  ex- 
tremely difficult  task.  A  laboratory  de- 
vice now  displays  these  loops  on  an 
oscilloscope  where  they  can  be  photo- 
graphed or  measured.  It  is  good  for  fre- 
quencies up  to  one  megacycle. 

Temperature  of  Flame 

Two  General  Electric  Research  Lab- 
oratory scientists  have  called  upon  a 
discovery  nearly  a  century  old  to  im- 
prove performance  of  space  ships  of  to- 
morrow. 

Dr.  Herbert  M.  Strong  and  Dr. 
Francis  P.  Bundy  needed  an  improved 
method  for  measuring  temperatures  over 
the  entire  cross-section  of  a  rocket  motor 
flame  to  determine  the  motor's  effici- 
ency. 

The\-  knew  that  almost  any  ther- 
mometer introduced  into  the  flame 
would  quickly  disintegrate.  Ther- 
mometers relying  on  probes  placed  in 
the  flame  were  not  sufficiently  accur- 
ate. 

So  the  pair  harked  back  to  methods 
based  on  the  1859  discovery  of  G.  R. 
Kirchoff,  a  German  physicist.  Kirchoff 
found  that  a  flame  containing  sodium 
\apor  gives  off  the  same  amount  of 
sodium  radiation  it  absorbs  from  a  tungs- 
ten lamp  when  both  are  at  the  same 
temperature. 

The  established  method  of  measure- 
ment, based  on  Kirchoff's  law,  is  to  pass 
a  light  beam  from  a  calibrated  compari- 
son lamp  through  the  flame  to  which 
sodium  vapor  has  b?cn  added,  then  into 
a  spectroscope.  There  the  sodium  radia- 
tion can  be  seen  against  the  background 
radiation  of  the  comparison  lamp. 

If  the  lamp  is  hotter  than  the  flame, 
the  sodium  radiation  appears  dark 
against  the  background  of  the  spectrum. 
If  the  flame  is  hotter,  the  sodium  radia- 
tion is  bright  against  the  background. 

When  the  two  have  the  same  temper- 
ature, the  sodium  radiation  merges  with 
the  background.  This  point  of  merging 
determines  the  flame  temperature.  But 
in  flames  that  have  varying  tempera- 
tures throughout,  the  method  does  not 
give  the  correct  reading  for  a  broad 
cross  section. 

With  this  method  in  mind,  the  two 
G-E  scientists  worked  out  extensive  ini-| 
provements  that  have  enabled  them  toj 
accurately  gauge  complicated  tempera-l* 
ture  structures  in  a  single  flame. 

The\'  made  use  of  a  sodium-vapor, 
light  with  a  known  temperature  as  r* 
means  of  measuring  heat  in  the  flam(i| 
structures.  To  magnify  the  flame  specjj 
trum  they  substituted  a  Fabry-Perot  in. 
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Nothing  replaces  Individualized  Training! 


iiiiiiiiiuiiiitiiiiniiiiiliiiliiiliiiiiiiiiiiiiiiiiiiiiiiiiuiiiililiniiiiiiiitiiitiiiiiriiitiimuiiiiiiiiiuu 


•  When  you  join  ranks  with  Square  D, 
you  can  be  sure  you'll  get  complete,  indi- 
vidualized training  from  seasoned  men 
who  know  electrical  distribution  and  con- 
trol Uke  a  book.  Equally  important,  they 
know  how  to  pass  along  that  knowledge  in 
a  practical,  down-to-earth  way  you'U  like. 
•  Year  after  year,  Square  D  looks  to  the 
nine  schools  shown  above  for  electrical, 

MAIL  THE  COUPON  ^ 

We'd  like  to  send  you 

a  12-page  "get-acquainted"  brochure. 

It  tells  a  lot  about  Square  D, 

its  products,  services, 

markets  and  opportunities. 


mechanical,  industrial  and  general  engi- 
neering talent.  We're  proud  of  the  calibre 
of  men  we  employ,  train  and  advance. 
They're  the  kind  of  men  you'd  like  to  work 
with.  Why  not  let  us  tell  you  more  about  it? 


Square  D  Company,  Dept.  SA 
6060  Rivard  Street,  Detroit  11,  Michigan 

I'd  like  a  copy  of 

Square  D's  "Get-Acquainfed"  brochure. 

Name 


School- 
Aodres 

City— 


tcrfcromi-ter  for  thf  con\ciuioii:iI  sim- 
ple prism  spectroscope. 

The  metlioi!  used  b\  Strong;  and 
Himdv  is  similar  to  the  established  one. 
Hut  the  scientists  found  that  by  usin;; 
a  sodium  \apor  lamp  as  a  means  of 
comparison  and  the  interferometer  to 
magnify  the  spectrum  of  the  sodium 
radiation,  they  could  find  more  detailed 
information   than  by  the  older  method. 

"In  effect,"  Dr.  Strong  said,  "the 
method  enables  us  to  peer  thiough  vari- 
ous /.ones  of  a  flame  into  more  distant 
ones  and  determine  their  temper.ituies 
accurately." 

In  addition,  he  said,  it  "enables  one 
to  survey  the  temperatLire  structure  in 
a  large  section  of  the  flame  in  one  ob- 
servation. Hy  older  methods  a  flame 
could  be  examuii-d  onK  one  iiomt  at  a 
time." 

The  gauge,  iccentl\  patented,  has 
helped  rocket  and  jet  technicians  to  de- 
termine accurateh'  how  efficient  are 
various  flames.  Indirectly,  the  device 
also  shows  how  much  energy  is  con- 
verted into  thrList  for  rockets,  jets,  ram 
jets  and   similar  propulsion  mechanisms. 

Transparent  Cabinets 

A  new  idea  in  plastics  are  these  clear 
plastic  cabinets.  Cabinets  in  this  new 
line,    ha\e    been    de\eloped    to   solve    the 


small  parts  filing  and  storage  problems 
of  factories,  banks,  offices,  schools,  and 
garages,  as  well  as  those  of  hobbyists 
and  persons  with  home  workshops. 
Called  "See-Thru"  cabinets,  they  are 
made  by  (leneral  Industrial  Co.,  of  Chi- 
cago, III.  The  cabinets  are  available  in 
numerous  combinations  of  large  and 
small  drawers  and  steel  and  plastic 
drawer  combinations,  in  units  that  ran^e 
in  capacity  from  eight  drawers  to  one 
hundred  and  twenty-eight  drawers,  to 
serve  every  need.  Adjustable  drawer 
cabinets  and  identification  labels  are  in- 
cluded with  every  cabinet. 

Solderless  Connections 

Recently  announced  is  a  method  for 
making  electrically  efficient,  mechan- 
ically sound  connections  without  solder. 
The  key  to  this  new  method  is  a  pistol- 
grip  hand  tool,  two  examples  of  which 
are  pictured.  Developed  jointly  by  West- 


New  solderless  method  permits  making  very  closely  spaced  connections. 
The  inset  shows  the  electrically  powered  tool  for  making  the  wrapped 
solderless  connections. 


ern  and  Hell  Laboratories,  the  solder- 
less method  is  currently  being  used  in 
manufacturing  locations  to  wire  switch- 
ing components.  The  tool  has  a  rotating 
spindle  which  wraps  wires  tightly 
around  terminals.  As  shown  in  the  pho- 
tograph of  an  experimental  terminal 
block,  as  many  as  44  connections  can  be 
made  in  a  space  of  less  than  1  square 
inch.  The  new  method  is  faster,  safer, 
and  is  said  to  give  better  connections 
than  conventional  methods  using  .solder. 

Pulse  Counter 

A  tube  that  coiuits  at  rates  up  to 
2,1)0(1  pulses  per  second  and  that  can 
lemember  the  number  of  pulses  has 
been  developed  by  Bell  Laboratories 
and  is  currently  in  production.  Pulses 
.fed  into  the  tube,  which  is  designated 
as  the  6167  stepping  tube,  progress  from 
one  to  another  of  the  tube's  multiple 
cathodes.  Each  cathode  glows  as  it  re- 
ceives a  pulse;  last  cathode  to  receive  a 
pulse  continues  to  glow  when  the  pulses 
stop.  At  the  resumption  of  the  pidse 
series,  the  tube  begins  stepping  from  the 
last  pulse  registered.  The  tube's  count- 
ing can  be  registered  on  electrical  re- 
cording devices. 

New  Aircraft  Flowmeter 

Jet  pdots  soon  will  h;i\e  a  means  for 
keeping  a  continuous,  more  precise 
check  on  how  much  fuel  their  aircraft 
consumes  in  flight  as  a  result  of  a  new 
device  developed  here  by  engineers  of 
the  ( leneral  Electric  Company. 

The  equipment,  called  a  mass  flow- 
meter, measures  the  actual  fuel  being 
gidped  down  b>  thirsty  jet  engines  in 
terms  of  pounds  per  hour  and  indicates 
it   on   the  aircraft's  instrument  panel. 

Accoiding  to  G-E  engineers,  the 
flowmeter   will   aid    pilots   or   flight   en- 


gineers b\'  making  it  simpler  for  them 
to  compute  remaining  flying  time.  It 
also  will  give  them  a  quick  method  of 
evaluating  engine  operating  efficiency 
through  comparison  with  data  gathered 
from   past   experience. 

The  heat  content  of  jet  fuel  depends 
on  its  weight  rather  than  its  volume. 
This  means,  the  engineers  point  out, 
that  the  specific  gravity  of  the  fuel  (its 
M'eight  compared  with  the  Weight  of 
water)  becomes  a  prime  factor  in  the 
amount  of  power  it  will  give  to  the 
engine.  Since  specific  gravity  varies  with 
the  type  of  fuel  and  its  temperature, 
measurement  of  the  mass  of  the  fuel  at 
the  time  of  its  use  is  essential  in  de- 
termining the  efficiency  of  fuel  con- 
sumption. 

Silicone  Rubber  Insulation 

A  putty-like  silicone  rubber  coating 
compound  promises  marked  improve- 
ments in  electrical  insidation  and  may 
eliminate  many  expensive  metal  cans 
now  protecting  coils  and  other  small 
electrical  components.  Possessing  a 
unique  combinatioji  of  physical  tough- 
ness and  electrical  strength  imdiminished 
over  a  wide  temperature  range,  the  ver- 
satile new  material  also  is  useful  for 
such  non-electrical  products  as  heat  re- 
sistant engine  gaskets  and  flexible  heat- 
er ducts. 

SE-1()()  silicone  rubber  has  a  higher 
dielectfic  strength  than  an\'  other 
known  silicone  rubber  coating  material, 
according  to  Dr.  Charles  E.  Reed,  gen- 
eral manager  of  the  (ieneral  Electric 
Company's  Silicone  Products  Depart- 
ment, who  predicts  it  will  find  wide 
application  for  Class  H  insulation  in 
electrical  equipment  used  under  hot  or 
moist  conditions. 
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Whenever  fastening  problems  arise... 


Consider  ELASTIC  STOP  NUTS 


lOOK  FOR    >~s^.    ^ME  RED 
LOCKING  COLLAR 

It  is  threadless  and  resilient.  Every  bolt  impresses 
'but  does  not  cut)  its  full  thread  contact  in  the 
Red  Elastic  Collar  to  fully  grip  the  bolt  threads. 
In  addition,  this  threading  action  properly  seats 
the  metal  threads  — and  eliminates  axial  ploy 
between  bolt  and  nut  threads.  All  Elastic  Stop 
Nuts— regardless  of  type  or  size— lock  in  posi- 
tion anywhere  on  a  bolt  or  stud,  maintain 
accurate  adiustments  and  seal  against  liquid 
seepage.  Vibration,  Impact  or  stress  reversal 
does  not  disturb  prestressed  or  positioned  set- 
tings. 


Whenever  fastening  presents  a  problem  — ESNA  is  ready  with  a  quick 
answer.  More  than  3000  types  and  sizes  of  self-locking  vibration-proof 
fasteners— plus  the  "know-how"  of  ESNA  engineers— are  available  here 
at  ESNA. 

ESNA  has  long  been  known  as  "design  headquarters"  for  self-lock- 
ing fasteners.  Accepted  by  Army,  Navy  and  Air  Force,  virtually  every 
aircraft  built  in  the  past  decade  has  been  Elastic  Stop  Nut-equipped.  On 
the  railroads,  in  the  oil  fields,  on  automobiles  and  construction  equip- 
ment. Elastic  Stop  Nuts  manufactured  to  exacting  quality  control  stand- 
ards, are  doing  specialized  jobs  every  day. 

Be  familiar  with  the  design  help  ESN.'V  offers.  Write  us  for  details 
on  Elastic  Stop  Nuts.  Elastic  Stop  Nut  Corporation  of  America,  2330 
\auxliall  Road,  Union,  N.  J. 


ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA 


HIGH 
TEMPERATURE 


HICU  J*^             ANCHOB 

TE^SILE  eTjtS 

DESIGN  HEADQUARTERS       FOR       SELF-LOCKING        FASTENERS 
FEBRUARY,    1954 
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NUCLEAR   REACTOR 
IS  SAFE  DEVICE 


A  nuL'lfar  icaftor,  rlic  "tuinai.'c  ot  an 
atomic  power  plant,  is  tuiuiaiiK'iUall\  a 
satf  de\icf,  it  proper  precautions  are 
taken  in  its  design,  housing,  and  loca- 
tion,"   a   scientist   explained    recently. 

Speaking  before  the  1953  Conference 
on  Nuclear  Engineering  at  the  Univer- 
sity of  California,  Dr.  Henry  Hurwitz, 
said  that  the  nuclear  reactor  is  r.ornial- 
ly  a  placid   and  sluggish   machine. 

Dr.  Hurwitz,  a  member  of  the  staff 
of  the  Knolls  Atomic  Power  Laboratory, 
which  the  (jeneral  Electric  Company 
operates  for  the  Atomic  Energy  Com- 
mission, pointed  out  that  the  violent  ac- 
tion of  an  atomic  bomb  is  not  the  nor- 
mal characteristic  of  a  nuclear  chain  re- 
action in  which  atomic  energy  is  re- 
leased. 

"In  fact,"  he  added,  "it  is  only  at- 
tained with  great  ingenuity  and  effort." 

"Some  early  discussions  of  atomic  en- 
ergy emphasized  the  difficulties  of  con- 
trolling a  reactor,  but  this  emphasis  was 
quite  misplaced  because,  in  actuality,  a 
nuclear  reactor  is  very  easy  to  control," 
he  said. 

"If  a  nuclear  reactor  does  get  out  of 
control,  the  nuclear  explosion  is  com- 
paratively minor.  A  serious  nuclear  re- 
actor accident  should  be  thought  of,  not 
in  terms  of  an  atomic  bomb  explosion, 
but  rather  in  terms  of  the  explosion  of, 
let  us  say,  the  gasoline  tank  of  an  auto- 
mobile." 

The  chief  hazard  associated  with  op- 
eration of  a  power  reactor  is  in  the 
radioactive  products  released  as  the 
atoms  of  uranium  and  other  atomic 
fuels  undergo  splitting,  or  "fission"  in 
the  atomic  energy-releasing  process,  he 
said. 

A  serious  accident  to  a  nuclear  re- 
actor, which  would  onl>  occur  in  the 
remote  event  that  all  of  a  number  of 
safety  devices  happened  to  fail  at  the 
same  time,  might  release  some  of  these 
"fission   products"   in   the  vicinity. 

The  inherent  safety  and  reliability  of 
the  plant,  location  of  the  site,  and  the 
design  of  the  reactor  building  are  the 
three  major  factors  in  determining  the 
safety  of  an  atomic  power  plant,  ac- 
cording to  Dr.  Hurwitz. 

However  "the  energy  yield  which 
would  be  likely  in  nuclear  accidents  is 
small  enough  to  make  it  feasible  to  con- 
tain the  fission  products  escaping  from  a 
reactor  in  a  gas-tight  building,"  Dr. 
Hurwitz  said. 

A   "very  substantial   amotmt  of   engi- 


neering development"  will  be  required 
before  a  commercially  successful  atomic 
power  plant  is  built,  or  even  before  "a 
rea.sonably  accurate  cost  estimate  of  such 
a  plant  can  be  made,"  George  S.  Mik- 
halapov,  (j-E  manager  of  engineering 
development  in  the  Knolls  Atomic 
Power  Laboratory,  told  the  conference. 
He  presented  a  paper  prepared  in  col- 
laboration with  his  associates  Kenneth 
A.  Kesselring  and  Thomas  Trocki. 

Many  nuclear  reactors  have  been  built 
and  are  now  in  operation,  harnessing  nu- 
clear fission  for  various  applications. 
Their  construction  costs  are  known,  but 
these  are  of  little  help  in  determining 
the  imminence  of  commercial  atomic 
power,  he  pointed  out. 

"In  the  first  place,"  he  said,  "none  of 
these  reactors  constitutes  anything  like 
a  prototype  of  a  commercial  power 
plant.  In  the  second  place,  the  cost  fig- 
ures are  usually  construction  costs  that 
omit  the  cost  of  years  of  research  ami 
development  which  made  construction  of 
these  reactors  possible,  and  which  are 
still  ahead  of  us  in  the  case  of  atomic 
central  stations." 

This  does  not  mean,  he  added,  that 
commercial  atomic  power  plants  aie 
either  inipractable  or  improbable,  "but 
rather  that  their  advent  will  have  to  be 
preceded  by  a  very  considerable  amount 
of  engineering  analysis,  engineering  de- 
velopment, and  particularly  develop- 
ment of  special  materials  required  by 
the  unique  features  of  such  plants." 

One  of  the  almost  unique  engineering 
problems  confronting  the  designer  of 
an  atomic  power  plant  has  to  do  with 
the  core  where  nuclear  energy  is  re- 
leased. After  the  splitting  or  fission  of 
a  fuel  atom  occurs,  the  fragments  fly 
away  from  the  site  with  a  speed  of 
some  3,300  miles  a  second,  he  explained. 
Heat  is  generated  by  friction  as  they 
are  quickly  brought  to  a  stop  after 
travelling  about  three  ten-thousandths 
of  an  inch. 

"This  means  that  heat  is  liberated 
locally,  and  any  material  in  the  reactor 
core,  including  unfissioned  fuel,  is  sub- 
jected to  very  rugged  physical  bom- 
bardment," he  said.  "A  reactor  as  a  heat 
source  is  thus  somewhat  difficult  to  com- 
pare directly  with  a  conventional  com- 
bustible or  chemical  fuels  furnace,"  he 
added. 

Mr.  Mikhalapov  said  that  additional 
engineering  problems  result  from  the 
fact  that  operating  a  reactor  makes  its 


parts  inaccessible.  Hombardment  by  the 
nuclear  particles  called  neutrons,  which 
k-ep  the  process  going,  alters  the  physi- 
cal properties  of  materials,  and  also 
makes  them  radioactive. 

As  an  example,  he  cited  the  cobalt  in 
standard  stainless  steel  which,  after  a 
short  run  at  fidl  power,  "would  become 
100  tinus  more  radioactive  than  an 
equivalent  weight  of  radium  and  would 
remain  radioactive  for  more  than  25 
years.  Any  hope  of  waiting  for  a  cool- 
ing-off  period  here  does  not  exist." 

Although  many  ingenious  devices 
have  been  constructed  to  permit  radio- 
active materials  to  be  handled  by  re- 
mote control,  they  do  not  give  the  an- 
swer, he  said.  The  radioactive  levels 
they  work  with  are  low  compared  to 
those  in  parts  removed  from  a  power  re- 
actor that  has  just  been  shut  down. 
"Special  provisions  requiring  long  time 
delays  must  be  made  to  permit  radio- 
activity in  such  parts  to  decay  to  con- 
trollable levels,"  he  stated. 

"Faced  with  such  facts,"  he  con- 
tinued, "the  designer  must  strive  for 
such  simplicity  that  failure  or  malfunc- 
tion is  almost  impossible — or  design  so 
that  remote  replacement  or  repair  is 
possible  and  accept  the  great  increase 
in  complexity  and  decrease  in  reliability. 
There  is  undoubtedly  a  compromise, 
which  after  experience  has  been  at- 
tained will  enable  the  clearer  resolu- 
tion of  the  design  worries  and  the 
ghosts. 

"Until  such  experience  is  available, 
the  reactor  designer  finds  himself 
squeezed  between  (a)  the  realization 
that  a  serious  nuclear  incident  or  re- 
actor failure  may  set  back  the  develop- 
ment of  nuclear  power  for  years,  and 
(b)  the  much  more  certain  knowledge 
that  to  design  with  the  intent  to  pro- 
tect against  all  eventualities  results  in 
high  costs,  long  delays,  and,  paradoxi- 
callv,  a  less  reliable  unit." 


Then  there  was  the  overworked  EE 
who  told  the  story  about  the  political- 
ly minded  ion  who  heard  that  there 
was  going  to  be  an  electron  so  he  went 
to  the  poles  and  volted. 

*  *       * 

She:  "You  remind  me  of  the  ocean." 
He:  "Wild,  romantic,  and  restless?" 
She:   "No,  you  make  me  sick." 

*  «        * 

In  a  certain  town,  a  beautiful  chorus 
girl  sued  a  rich  banker  for  breach  of 
promise  and  was  awarded  $10,000. 
Shortly  after  lea\ing  the  court  she  was 
struck  by  an  automobile  and  had  eight 
ribs  broken.  The  same  judge  awarded 
her  eight  dollars. 

Moral:  Never  play  with  a  woman's 
heart — kick  her  in  the  ribs. 

The  height  of  bad  luck — seasickness 
and  lockjaw. 
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PIPES  OF  CLAY 


by  David  Skylar 


EDITOR'S  NOTE:  ll  has  hrni  th,-  foliiy 
of  the  i-Jilors  of  this  ma/jaziiif  to  hriitff  to 
Its  readrrs  articles  ivrilten  by  people  in 
industry  ivhich  lliey  heliei'e  ivould  he  of 
interest.  "Pipes  of  Clay"  hy  David  Skylar 
has  been  sent  to  us  hy  the  Sanitary  Enyineer- 
tnij  Committee  of  the  National  Clay  Pipe 
Assoeiation.  If'e  feel  that  this  article  will 
he  of  particular  interest  to  Ceramic  and 
Sanitary   Eni/ineers. 

Clay  is  a  stiff,  plastic  earth,  composed 
mainly  of  aluminous  silicate,  formed 
through  the  ages  by  erosion  and  decom- 
position of  rocks.  It  is  found,  in  some 
form  or  other,  practicalh'  everywhere. 
And  it  is  as  indispensable  to  modern 
iixing  today  as  it  was  to  the  ancient 
(jreeks  many  centuries  ago.  In  one  in- 
dustry it  has  been  used  for  the  past  five 
tliousand  years — the  vitrified  clay  pipe 
industry. 

No  one  knows  exactly  when  sewer 
inne  made  from  clay  was  first  manu- 
factured and  used.  Recently,  Homer 
Thompson,  Professor  of  Archaeology  of 
the  American  School  of  Classical  Studie^ 
at  Athens,  Cjreece,  uncovered  a  cla\ 
pi|)e  line  which  was  installed  in  tin- 
early  Fifth  Century,  B.  C,  in  ancient 
Athens.  The  clay  pipe  line  was  dis 
Cdxered  during  excavations  of  the  ruin^ 
(ll  Agora,  a  public  square  about  25  acres 
111  size,  just  below  the  famous  Acropolis. 
This  may  have  been  the  worhi's  fiist 
shopping   center. 

(ireek  plumbers  2,500  years  ago  did 
an  excellent  job  of  designing  the  pipe. 
A  modified  bell  and  spigot  was  used, 
which  is  similar  to  the  house  connection 
pi|)e  used  today.  Engineers,  who  exam- 
ined the  pipe  after  it  was  excavated, 
said  it  was  in  good  enough  shape  to 
he  put  back  into  use. 

Clay  pipe  manufacturers  proudly 
boast  of  the  antiquity  of  their  product, 
but  at  the  same  time  they  are  proud 
ot  their  rightful  place  in  the  parade  of 
niiidern  production  techniques  and  de- 
\(lopments.  They  point  to  such  innova- 
tions as  continuous  tunnel  kilns,  elec- 
trically controlled  grinding  and  mixing 
machifies,  automatic  forming  and  trim- 
ming, palletizing  and  fork-truck  hand- 
lling.  With  a  raw  material  older  than 
civilization  itself,  the  clay  pipe  industry 
is  progressive  indeed.  Today,  the  an- 
nual volume  output  of  the  industry  is 
approximately  2,()0(),000  tons.  In  the 
past    five    years    the    industry's    capacity 


has  expanded  by  more  than  50  per  cent 
to  meet  demand  from  municipalities, 
industries  and  other  users  of  clay  pipe. 
Vitrified  clay  pipe  was  first  made  by 
machine  in  this  country  in  1854.  No 
one  knows  how  much  has  since  been 
made  and  used.  It  is  estimated  that  in 
the  last  four  decades  over  1,000,0(111,(10(1 
feet  of  cla>'  pipe  have  been  used  in  thi^ 
countr\'   alone. 


The  pipe  is  formed  imder  a  vacuum 
which  draws  all  air  from  the  clay  as 
the  pressure  is  applied.  Elimination  of 
air  bubbles  results  in  greater  strength, 
truer  dimensions,  decreased  absorption, 
and    elimination   of   flaking. 

The  "green"  or  unburned  pipe  is 
dried  in  temperature-controlled  rooms 
through  which  hot  air  is  blown  for  four 
to   seven    days.   This   must    be    done   to 


Many  home  budders  are  now  using  this  new  and  revolutionary  system  of 
duct  heating  for  basementless  homes.  Vitrified  clay  pipe  is  used  as  ducts 
to  distribute  warm  air. 


Raw  cla\  must  ha\e  certain  qualities 
to  be  ideal  for  pipe  making.  It  should 
be  coarse-grained  and  imiform,  and  free 
from  an  excess  of  organic  material  and 
free  metals.  It  should  have  a  long  firing 
range,  meaning  that  heat  can  be  applieii 
to  the  pipe  for  a  long  time  period  to 
soften  the  clay  grains  to  a  fusing  point, 
without   actually   melting    the   grains. 

At  a  typical  clay  pipe  plant  the  clay 
is  pulverized  and  mixed  with  water  to 
form  a  uniform  doughy  mass.  This  is 
pressed  through  a  die  and  shaped  into 
pipe  under  tremendous  pressures.  Both 
steam  and   hydraulic  pressures  are  used. 
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"set"  the  pipe  before  it  can  be  "burned" 
and   vitrified   at  high   temperatures. 

From  the  drying  rooms,  the  pipe 
goes  to  big  oven-like  kilns,  where  it 
is  "burned"  to  a  temperature  higher 
than  the  melting  point  of  iron,  2,000 
F.  This  burning  is  known  as  vitrifica- 
tion, and  fuses  the  clay  grains  into  a 
hard,  impervious  pipe  which  resists  the 
penetration    of    any    foreign    substances. 

Two  main  types  of  kilns  are  used  b\ 
clay  pipe  producers — the  "beehive"  kiln 
and   the   "tunnel"   kiln. 

The  beehive  kiln  is  so  called  because 
of  its  remarkable  resemblance  to  a  bee- 
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hive.  It  is  a  rouiul-roofed  structure  30 
to  40  ft.  in  tliainetcr,  and  16  ft.  from 
floor  le\el  to  the  roof  peak. 

Turuiel  kilns  look  just  like  the  name 
imph'es.  The  pipe,  after  it  conies  from 
the  iir\ing  room,  is  piled  on  cars  about 
\2  ft.  long.  The.se  cars  move  througii 
the  kiln  on  tracks. 

Heat  in  tunnel  kihis  is  maintained 
at  a  constant  tempeiature  and  ma\  be 
supplied  b\  oil,  gas,  or  coal.  Heat  is 
applied  direct  with  flame  from  the  burn- 
ers playing  on  the  pipe  itself.  Slow  hear- 
ing and  cooling  of  the  pipe  is  accom- 
|ilished    by    moving   the    pipe    load    from 


Greek  plumbers  2500  years  ago 
really  knew  their  business.  This  clay 
pipe  line  was  recently  uncovered 
during  excavations  of  the  City  of 
Agora,  near  the  famous  Acropolis 
in  Greece. 

the  tunnel  entrance,  through  a  central 
file  zone,  and  (jn  out  to  the  tunnel 
exit. 

Research  activities  for  the  clay  pipe 
industry  are  conducted  in  their  own 
laboratory  in  Los  Angeles  under  the 
direction  of  Dr.  Harvey  House,  na- 
tionally famous  research  chemist.  In  the 
years  that  Dr.  House  has  been  super- 
vising this  industry's  research,  he  has 
a.ssembled  facilities  and  equipment  with- 
out duplicates  anywhere,  and  all  spe- 
cificially  designed  to  study  vitrified  clay 
pipe  and  kindred  products.  Much  of 
this  equipment.  Dr.  House  designed 
himself    to    meet    testing    requirements. 

For  sewage  and  drainage  work,  cer- 
tain piping  has  inherent  advantageous 
characteristics.  Research  determines 
what  these  are.  For  example,  in  non- 
pressure  installations  such  as  biuhling 
sewers,  vitrified  clay  pipe  is  permanent, 
it  ivs  resistant  to  chemical  action  of  all 
products    of    sewage    decomposition.    It 
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The  huge  excavation  required  for  this  sewer  in  Monsanto,  III.,  is  clearly 
shown  from  this  view  from  the  top  of  the  cut.  The  form  work  for  the  con- 
crete is  still  in  place.  In  front  of  this  is  exposed  pipe  with  reinforcing  in  place 
ready  for  forms  and  concrete. 


is  also  resistant  to  alkaline  or  acid 
ground  water  and  to  disintegration  by 
chemicals  and   spent  waste. 

To  substantiate  findings  of  the  Los 
.Angeles  research  laboratory,  tests  were 
made  at  various  luiiversities  on  sections 
of  vitrified  clay  pipe  immersed  in  sul- 
furic acid.  In  Chicago,  where  additional 
testing  was  forwarded,  acetic,  hydro- 
chloric and  nitric  acids  were  used  and 
in  none  of  these  tests  was  the  vitrified 
clay  pipe  affected. 

Because  of  these  outstanding  charac- 
teristics, engineers  are  teaching  an  old 
product  new  tricks.  For  example,  the 
new  Health  Sciences  Building  at  the 
L  ni\ersity  of  Washington,  contains  a 
unique  system  of  vitrified  clay  pipe  for 
venting  chemical  fumes  from  the  medi- 
cal and  dental  laboratories.  In  various 
phases  of  their  study  and  research,  stu- 
dents and  researchers  find  it  necessary 
to  cook  hydrochloric  and  nitric  acids 
and  other  substances  which  emit  power- 
ful fumes.  This  is  especially  true  of 
their  work  with  radioactive  isotopes. 
Hoods  catch  the  fumes  in  the  laborator- 
ies and  direct  them  into  clay  pipe  ducts. 
Acid  proof  fans  pull  fumes  up  to  the 
roof  and  disperse  them  harmlessly  into 
the  upper  air.  Vitrified  clay  pipe  was 
chosen  for  the  ducts  because  it  is  com- 
pletely immune  to  the  disintegrating 
action   of  acids   and   other  chemicals. 

Many  home  builders  are  now  using 
this  new  and  revolutionary  system  of 
duct  heating  for  basementless  homes. 
V'itrified  clay  pipe  is  used  as  ducts  to 
distribute  warm  air. 


This  heating  method  economically 
combines  the  fa\orable  factors  of  radi- 
ant heat  with  forced  warm  air  perimeter 
heating.  Clay  pipe  is  the  ideal  duct  ma- 
terial. It  is  inexpensive  and  easy  to 
install  and  never  wears  out. 

Another  outstanding  clay  pipe  instal- 
lation has  been  made  in  nearby  Mon- 
santo, Illinois.  Though  a  village,  Mon- 
santo is  no  sleepy  country  settlement. 
It  contains  some  of  America's  heaviest 
industries — and  hence  it  puts  unusual 
demands  on  its  sewers.  Most  recent 
project  at  Monsanto  is  a  twin  industrial 
sewer  which  will  serve  the  following 
companies:  American  Zinc,  Darling 
Fertilizer,  Lewin-Mathes,  Monsanto 
Chemical,  Midwest  Rubber  Reclaiming, 
and   Socony-Vacuuni. 

In  specifying  pipe,  the  engineers  real- 
ized that  the  line  would  be  carrying 
weak  acids  and  other  chemical  wastes. 
Hence,  they  chose  vitrified  clay  pipe, 
which  is  proof  against  chemical  attack. 

There  was  a  complicating  factor, 
however.  Clay  pipe  is  made  no  larger 
than  ,56  inches  in  diameter,  and  the 
volume  of  wastes  to  be  carried  here  re- 
quiied  more  capacity  than  this.  \et 
rather  than  consider  other  pipe  materials 
which  are  available  in  larger  sizes,  the 
engineers  preferred  to  use  nudtiple  clay 
pipe  lines. 

Engineers  designing  today's  modern 
sanitary  s\stems  ha\e  come  to  agree  with 
the  ancient  (ireeks  that  one  of  the  most 
inexpensive  and  safest  means  of  guard- 
ing the  health  of  the  people  is  with  the 
use  of  clay  pipes. 
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U-S-S  CARIILOY  electric-furnace  aircraft 
quality  steel  meets  every  requirement  for 
these  vital  parts.  The  precision  machining 
and  expert  heat  treatment  it  gets  at  Cleve- 
land Pneumatic  Tool  Company  complete 
the  job. 


•  "Reduced  to  the  most  favorable 
degree"  describes  exactly  what  hap- 
pens to  the  huge  USS  Carilloy 
steel  ingots  from  which  are  formed 
the  rugged  main  columns  in  the  land- 
ing gears  of  every  B-36. 

To  provide  the  tremendous 
strength  and  shock  resistance  re- 
quired to  safely  cushion  the  landing 
impact  of  179  tons  of  bomber  weight 
— and,  at  the  same  time,  to  keep 
the  weight  of  the  landing  gear  as  low 
as  possible — calls  not  only  for  steel 
of  the  highest  quality  but  also  for 
imusual  procedures  in  fabrication  as 
well. 

Consider  these  facts.  The  original 
ingot  weighs  approximately  37,500 
lbs.  From  it  are  produced  two  cylin- 
drical columns  weighing  only  about 
1200  lbs.  apiece.  Approximately  93 '  } 
of  the  steel  is  removed  by  machining 
to  proper  contour  and  in  hollow- 
boring  the  coltunn.  When  finished,  a 


mere  7%  of  the  original  ingot  is  left 
to  do  the  job. 

That  USS  Carilloy  steel  has 
been  exclusively  selected  for  this  ap- 
pUcation — one  of  the  most  exacting 
in  the  aircraft  industry — is,  we  be- 
Ueve,  highly  significant.  The  same 
care  and  skill,  the  same  ability  to 
meet  requirements  that  are  beyond 
the  ordinary,  go  into  every  order  of 
Carilloy  steel  we  make — whether 
it's  an  ingot  of  giant  size  or  a  few 
tons  of  special  steel. 

USS  Carilloy  is  just  one  more 
example  of  the  better  steel  products 
developed  and  produced  by  United 
States  Steel.  If  you  are  interested  in 
additional  engineering  training,  why 
not  investigate  your  opportunities 
with  U.  S.  Steel?  For  more  informa- 
tion, contact  the  Placement  Direc- 
tor of  your  school,  or  write  to  United 
States  Steel  Corporation,  525  Wil- 
liam Perm  Place,  Pittsburgh  30,  Pa. 
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March  26  and  27  is  the  date  of  the  1954  Engineering  Open 
House.  At  that  time  high  school  students  and  other  interested  per- 
sons will  come  to  the  U.  of  I.  engineering  campus  from  all  ports 
of  the  state.  The  cover  depicts  the  rush  of  high  school  students  to 
the  Open  House. 


our  frontispiece 

One  of  three  pole  units  of  a  General  Electric  circuit  breaksr 
for  the  nation's  first  330-kv  power  transmission  network  is  shown 
being  unloaded  at  the  Muskingum  River  Plant  of  the  Ohio  Power 
Company.  The  80-ton  breaker  is  more  than  1  1  feet  in  diameter 
and  has  a  3550-gallon  capacity.  (Cut  courtesy  General  Electric) 


The  World  as  His  Workshop 

.  .  ,  A  JiooJz  at  MeoUa444Jcxd  flitcjA^iee/Ut^ 


by  Frank  W.  Ridgway,  M.E.  '54 


Engineering  training  prepares  stu- 
dents for  professional  work  in  engineer- 
ing and  for  technical  and  semi-technical 
positions  in  industry,  commerce,  and 
government.  Very  often,  the  scope  of 
the  engineering  field  is  not  realized  by 
the  layman.  To  acquaint  more  people 
with  the  profession  of  engineering,  not 
only  those  having  a  natural  curiosity  of 
engineering  problems,  not  only  those 
considering  engineering  as  a  career,  the 
College  of  Engineering  will  be  present- 
ing its  annual  open  house  on  March 
26th  and  27th.  Both  engineering  teach- 
ing methods  and  the  products  of  ap- 
plied engineering  practice  will  be  dis- 
played. 

One  of  the  largest  branches  of  en- 
gineering in  general  is  mechanical  engi- 
neering. Differentiating  from  electrical, 
ceramic,  chemical,  or  civil  engineering, 
mechanical  engineering  covers  the  theory 
and  practice  of  the  generation,  trans- 
mission, and  utilization  of  power.  This 
involves  the  operation,  design,  testing, 
and  construction  of  machines  of  all 
kinds.  In  practice,  emphasis  is  given  to 
the  engineering  and  economic  principles 
of  machine  operation,  performance,  pro- 
duction, and  problems  of  production 
management. 

A   graduate    mechanical    engineer    has 


the  world  as  his  workshop.  Realization 
of  a  problem,  analytic  thinking,  and  de- 
cisive action  are  taught  to  the  mechani- 
cal engineer  above  all  else,  and  these 
are  the  requisites  for  success  in  any  field. 
In  his  own  field  a  mechanical  engineer 
has  several  alternatives — aeronautics,  air 


and  a  graduate  may  pursue  his  greatest 
interests. 

All  phases  of  mechanical  engineering 
will  be  demonstrated  during  the  open 
house  this  year.  Rather  than  producing 
a  show  composed  of  the  mysteries  of 
mechanical   phenomena,    it    is   desired    to 


Fig.   1 —Machine  Tool  Laboratory 


conditioning  and  refrigeration,  machine 
design,  petroleum  production,  power, 
production  control,  and  research.  Basi- 
callv,    these    fields    are    closelv    related. 


Fig.    2— Mechanical    Engineering    Power   Laboratory 


re\eal  just  how  a  mechanical  engineer 
learns  and  what  he  does. 

Models  and  actual  equipment  used  by 
the  machine  and  tool  designers  will  be 
shown  and  explained  by  the  best  under- 
graduates in  this  field.  Another  one  of 
the  more  theoretical  phases  of  mechanical 
engineering  is  that  of  automatic  control 
and  actuating  mechanisms.  A  vivid  dem- 
onstration of  several  commonly  used  and 
basic  devices  will  be  in  operation. 

Shown  in  figure  2  is  the  power  labor- 
atory where  theories  and  mathematical 
predictions  are  tried  in  practical  applica- 
tions. In  this  laboratory  are  engines, 
turbines,  pumps,  air  conditioning  and  re- 
frigeration apparatus,  research  projects, 
and  power  generation  equipment — in- 
cluding a  complete,  nuniature  power 
plant  capable  of  supplying  electricity  to 
a  medium-sized  family  home.  During 
the  open  house  every  piece  of  equipment 
will  be  running  or  will  be  rtin  at  the 
request  of  interested  observers. 

A  .section  of  the  internal  combustion 
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Fig.    3  — Performance    testing    Chevrolet   engine    in    the    Internal    Combustion 
Engine  Laboratory. 


engine  laboratory  is  shown  in  figure  3. 
In  this  laboratory  tests  are  performed  on 
standard  automobile,  truck,  tractor, 
marine,  and  stationary  engines  to  de- 
termine fuel  economy,  power  output, 
lubiication  problems,  and  general  de- 
sign problems.  These  engines  and  their 
instrumentation  will  be  in  operation  dur- 
ing the  open  house  along  with  three 
special  engines  used  in  high  altitude, 
fuel,  and  design  research.  A  full-size, 
cut-away,  prewar  automobile  chassis  will 
be  functioning  showing  all  of  its  moving 
parts. 

In  the  manufacture  of  any  product, 
the  first  step  is  to  obtain  raw  material 
in  a  workable  form.  From  the  foundry 
odd  shapes  and  large  units  are  obtained 
as  castings.  Through  the  engineering 
week  end  the  entire  foimdry  will  be  in 
operation  casting  iron,  aluminum,  and 
bronze,  making  molds,  and  cleaning  fin- 
ished castings. 

Machines  and  consumer  products  are 
also  fabricated  from  basic  structural 
shapes  by  welding.  This  method  is  be- 
coming progressively  more  important  be- 
cause of  new  materials  and  techniques 
being  developed.  In  the  welding  labora- 
tory in  the  mechanical  engineering  build- 
ing, will  be  demonstrations  of  arc,  oxy- 
acetlyenc,  and  spot  welding,  torch  cut- 
ting of  steel,  metal  spraying  devices,  and 
weld  testing. 

After  rough  shapes  are  fabricated, 
machining  operations  follow.  In  the 
neat,  clean  shop  shown  in  tiguii'  I, 
there  is  at  least  one  of  almost  e\ery 
type  of  machine  tool  used  by  industry, 
including  automatic  machines  which  will 
produce  finished  gears  and  screws  as 
long  as  raw  stock  is  available,  and  pre- 
cision machines  capable  of  maintaining 
an  accurcy  of  1/10  the  thickness  of  a 
human  hair.  Because  of  the  ever-chang- 


ing nature  of  machining  processes,  the 
mechanical  engineering  department  main- 
tains a  machine  tool  research  laboratory 
where  machining  stresses,  finishes,  cut- 
ting fluids,  new  processes,  and  tools  are 
studied.  All  these  will  be  in  operation 
during  the  1954  open  house. 

To   provide   desired   physical   proper- 


ties of  wear,  hardness,  or  machinabilit\ , 
metals  are  subjected  to  many  different 
heat  tre.itments.  This  technique  is  a  sci- 
ence in  itself.  In  the  laboratory  standard 
heat  treatments  will  be  performed.  The 
obseiver  will  see  what  occurs  within  the 
metal  structure  and  the  effects  of  these 
changes.  He  will  also  see  how  meta's 
can  be  heated  to  redness  almost  inst.in- 
tancously  in  an  induction  heater  and 
how  temperatures  are  taken  inside  of  a 
white  hot  furnace. 

It  is  a  basic  premise  of  industry  that 
the  system  which  produces  the  greatest 
return,  especially  financially,  is  the  one 
which  will  be  used.  The  job  of  an  in- 
<lustrial  engineer  is  to  determine  through 
past  experience,  anahsis,  and  predictions 
the  best  way  to  get  a  job  done.  At  the 
open  house,  leading  undergraduate  in- 
dustrial engineers  will  display  and  ex- 
plain the  most  modern  techniques  of 
quality  control,  industrial  plant  layout, 
motion  and  time  study,  and  production 
control.  Charts,  tools,  and  devices  used 
by  the  industrial  engineer  will  be  a\ail- 
able  for  inspection. 

The  mechanical  engineering  exhibit 
this  year  promises  to  be  one  of  the  best 
ever.  Every  effort  has  been  made  to 
show  everything  of  interest  and  to  pre- 
sent it  in  such  a  way  that  it  will  be 
understood  and  appreciated  by  ever\- 
one. 


•  ALBANENE,*a  K&E  product, is  the  preferred  tracing  paper 
in  thousands  of  drafting  rooms.  It  is  transparentized,  not  with 
messy  oils  that  leak,  but  with  a  special  synthetic  trans- 
parentizer  developed  by  K&E.  ALBANENE  does  not  turn 
brittle  or  lose  its  transparency  with  time.  After  years  It  is  as 
good  as  new.  •Trade  Mark® 
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(Courtesy  McDonnell   Aircraft  Corporation) 


Roll  out  of  the  XV-1  Convertiplane 
— first  military  aircraft  of  this  type  ever 
developed  in  the  United  States — was  an- 
nounced today  by  the  Air  Research  and 
Development  Command  of  the  L .  S. 
Air  Force,  and  the  McDonnell  Aircraft 
Corporation.  The  X\^-l  is  the  first  con- 
v;-rtiplane  in  the  world  to  utilize  the 
principle  of  pressure  jets  and  high  disc 
loading. 

The  XV-1  is  a  joint  development  of 
Wright  Air  Development  Center  of  the 
L  .  S.  Air  Force,  Transportation  Corps 
of  the  U.  S.  Army  and  McDonnell  Air- 
craft Corporation.  The  Convertiplane's 
versatility  will  permit  studies  on  its  tac- 
tical use  for  observation  and  reconnais- 
sance.   Further  studies   will   be  made  of 


rotate  at  its  lowest  drag  configuration. 
This  avoids  the  speed  limitation  encoun- 
tered b\'  conventional  helicopters  due  to 
stalling  of  blades  when  they  must  carry 
lift  at  high  speeds. 

Each  of  the  three  blades  of  the  rotor 
is  powered  by  a  pressure  jet  unit  lo- 
cated at  the  tip  of  the  blade.  A  recipro- 
cating engine  is  provided  on  the  aft  fus- 
elage to  supph'  air  to  the  pressure  jet 
units  during  vertical  flight  and  power 
to  the  propeller  during  forward  flight. 

The  efficient  and  relatively  great 
power  available  from  the  pressure  jets 
allows  the  use  of  a  rotor  having  ap- 
proximately half  the  drag  of  a  conven- 
tional helicopter  rotor.  Since  the  wings 
do   not  provide   the  lift   during   take-off 


an  extensive  research  program  will  be 
required.  This  will  include  ground  test- 
ing, careful  instrumentation  for  the  de- 
velopment of  flight  test  data,  and  pain- 
taking  pre-flight  test  work.  The  full- 
scale  model  will  be  placed  in  a  wind 
tunnel  to  test  areodynamic  characteris- 
tics. 

The  convertiplane's  tail  assembly  con- 
sists of  two  vertical  fins  and  rudders  at- 
tached to  the  extremities  of  twin  tail 
booms.  The  horizontal  surface  consists 
of  a  single  stabilizer  with  tabs,  mounted 
between  the  ends  of  the  tail  booms. 

The  crew  compartment  in  the  fusel- 
age is  equipped  with  large  plastic  win- 
dows which  provide  exceptionally  wide 
range  of  vision.  Pilot  and  co-pilot-ob- 
server sit  in  tandem,  with  removable 
dual  controls  provided.  Exit  doors  ma\' 
be  jettisoned  in  the  event  of  a  flight 
emergency. 

Two  non-retracting  skids  comprise  the 
landing  gear  of  the  XV-1.  The  skid 
gear  differs  from  previous  skids  in  that 
energy  is  absorbed  during  hard  landing 
by  the  yielding  of  replaceable  stainless 
steel  straps. 

Fuel  is  fed  to  the  three  pressure-jet 
tip  burners  through  a  rotor  fuel  gover- 
nor driven  from  the  rotor  hub  accessory 
drive.  The  pressure  jets  operate  on  the 
principle  of  ignition  and  expansion  of 
the  fuel  gases,  then  exhausting  rearward 
through  nozzles  to  provide  thrust.  The 


McDonnell  XV-1   Convertiplane 


t^  (it-sign  uses  as  an  artillery  and  tank 
sputter.  An  attendant  function  will  be 
ixploration  of  the  application  of  the  con- 
\iTriplane  principle  to  larger  aircraft. 

1  he  convertiplane  embodies  a  com- 
plrtely  new  conception  of  flight.  This 
Hi  \\  concept  is  known  as  the  "unloaded 
inror"  principle — a  machine  equipped 
«ith  a  rotor  for  vertical  flight  and 
v\  nigs  and  propeller  for  forward  flight. 
I  In  vertical  flight  or  hovering,  the 
lotor  provides  all  the  lift:  in  forward 
tlitjht  the  wings  provide  essentially  all 
till'  lift.  This  allows  the   rotor  to  auto- 


or  landing,  they  are  approximately  half 
the  size  of  the  wings  for  conventional 
fixed  wing  aircraft.  Therefore,  speed 
performance  of  the  convertiplane  is  not 
greatly  penalized  by  utilizing  both  rotor 
and  wing. 

The  XV-1  is  designed  to  carry  three 
passengers,  or  two  litter  patients  and 
medical  attendant  in  addition  to  the  pi- 
lot. The  craft  is  approximately  30  feet 
long,  ten  feet  high  and  spans  26  feet 
in   width. 

I'rior  to  the  first  actual  flight,  which 
will   not  take  place  until   next  summer. 


application  of  power  directly  to  the  blade 
tips  eliminates  the  torque  which  in  con- 
ventionally driven  helicopters  must  be 
eliminated  by  the  use  of  a  second  rotoi 
or  propeller. 


Two  gals  were  stranded  in  the  desert. 
They  were  nearly  to  the  point  of  ex- 
haustion when  they  spotted  a  young 
sailor  running  from  his  car  to  meet 
them.  "Oh,"  said  the  cute  little  red- 
head to  her  pal.  "We're  rescued" — 
then  on  second  though  she  said — "or  are 
we  ?" 
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Engineers  of  virtually  EVERY 

type  are  needed  on  the  Boeing  teai 


Mcclianicnl,  clcctric;il,  civil,  aeronau- 
tical -  in  fact,  graduates  in  virtually 
e\cn'  field  of  engineering-find  reward- 
ing career  opportunities  here.  There 
are  openings  in  design,  research,  in  the 
many  phases  of  production,  and  for 
physicists  and  mathematicians  with 
advanced  degrees. 

All  engineering  careers  at  Boeing 
have  one  thing  ni  common:  they  pro- 
vide plenty  of  opportunity  to  get  ahead. 
Regular  merit  reviews  arc  held.  Ad- 
vancement is  keyed  to  your  individual 
ability,  application  and  initiative. 

The  aviation  industry  oficrs  you  a 
unique  opportunity  to  gain  experience 
with  new  techniques  and  new  materials. 
It  offers  a  wide  range  of  application, 
from  applied  research,  to  product  de- 
sign and  production,  all  going  on  at 
the  same  time. 

What's  more,  you  can  expect  long- 
term  career  stability  in  the  aviation  in- 
dustry. Boeing,  for  instance,  is  now 
in  its  57th  year  of  operation,  and  actu- 
ally employs  more  engineers  today  than 


even  at  the  peak  of  World  War  II. 
Besides  designing  and  builduig  the 
world's  most  advanced  multi-jet  air- 
craft (the  B-47  and  B- 5 2),  Boeing  con- 
ducts one  of  the  nation's  major  guided 
missile  programs,  and  such  other  proj- 
ects as  research  on  supersonic  flight, 
and  nuclear  power  for  aircraft. 

Boeing  engineering  activity  is  con- 
centrated at  Seattle.  Washington,  and 
Wichita,  Kansas  -  communities  with 
a  wide  variety  of  recreational  opportu- 
nities as  well  as  schools  of  higher 
learning.  The  Company  will  arrange 
a  reduced  work  week  to  permit  time 
for  graduate  study  and  will  reimburse 
tuition  upon  successful  completion  of 
each  quarter's  work. 

l''or  full  details  on  opportunities  at 
Boeing  and  for  dates  when  interviewers 
will   \isit  your  campus, 

consult  your  PLACEMENT  OFFICE,  or  write: 

JOHN  C.  SANDERS,  Staff  Engineer -Personnel 
Boeing  Airplane  Company,  Seattle  14,  Washington 
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A  CAMPUS-TO-CAREER  CASE    HISTORY 


A 

Second 
Education 


What  makes  a  job  hold  its  interest? 

After  working  for  three  years, 

WyHe  Boriim,  E.  E.,  '50,  tells  us 

what  has  kept  his  interest  alive. 

(Reading  time;  5S  seconds) 


rlc  graduated  from  the  University  of  Pennsylvania  in 
19^0,  but  \\'ylic  Borum's  education  still  hasn't  ended. 
His  job,  he  explains,  has  become  his  second  education. 
And  this  continuing  process  of  learning  has  kept  his 
job  interesting. 

\\\ lie's  first  year  at  Bell  Telephone  Company  of 
Pcnns\lvania  was  spent  as  a  student  engineer,  which 
he  feels  was  not  only  educational  but  extremely  worth 
while.  For  it  was  while  he  took  this  course  that  he 
glimpsed  the  complexity  of  the  business  in  considerable 
detail.  He  worked  in  all  departments  —  ran  switch- 
boards, climbed  poles  and  even  did  a  stint  in  the 
Accounting  Department. 

\\'vlie  discovered  that  there  were  many  spots  in  tlic 
telephone  organization  for  engineers  besides  the  General 
Engineering  Department.  Even  in  Accounting  —  which 
today  is  highly  mechanized  with  things  like  Centralized 
Automatic  Message  Accounting  Machines. 

Training  finished,  Wylie  was  assigned  to  the  Manual 
Equipment  Section  of  the  General  Engineering  Depart- 


ment. His  education  continued.  He  found  out,  he 
reports,  that  the  dollar  is  an  important  part  of  engmeer- 
ing.  In  writing  equipment  specifications,  he  had  to  be 
sure  of  reasonable  cost  as  well  as  efficient  operation. 
There's  a  big  difference,  he  discovered,  in  doing  a 
theoretical  job  in  school  and  doing  a  job  in  which 
costs  are  an  important  consideration. 

Now  Wylie  has  been  promoted  to  the  Plant  Ex- 
tension Engineering  Group  and  still  is  learning.  His 
present  job  is  co-ordinating  plans  for  replacing  the 
last  manual  central  office  in  Philadelphia  with  a  dial 
system.   The  cost  will  be  approximately  SI, 500. 000. 

It's  a  big  responsibility.  But  the  Telephone  Com- 
pany puts  capable  \oung  men  on   their  own  Cjuicklv. 

Wylie  Borum's  job  is  with  an  operating  company  of 
the  Bell  System.  But  there  are  also  job  opportunities 
for  engineers  in  Bell  Telephone  Laboratories,  Western 
Electric,  and  Sandia  Corporation. 


BELL    TELEPHONE    SYSTEM    fml 
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Better  things  .  .  . 


Thru   Chemistry 

by  Chuck  Evans,  Gerald  W.  Ryan,  C.  F.  Prokop,  Dr.  R.  K.  Finn, 
Ronald  Rathber,   and   Andrew   Stebnicki 


Rotary  Filter 

Filtration  is  the  sfparatioii  of  solids 
troiii  a  liquid  and  is  effected  by  passiiiji 
the  liquiil  through  a  porous  niediuni. 
The  purpose  of  this  operation  is  to  ob- 
tain the  filtrate  or  solids  or  both  which 
nia\'   be  of  value  in  industrial   processes. 

The  broad  application  of  industrial 
filtration  is  realized  by  a  survey  of  in- 
dustries in  which  filtration  plays  an  im- 
portant part:  pulp  and  paper,  metal- 
lurgy, oil  refining,  chemical  manufactur- 
ing, beet-  and  cane-sugar  milling,  sugar 
refining,  sewage  disposal,  cement  man- 
ufacturing, etc.  In  many  of  these  pro- 
cesses, filtration  is  preceded  by  thicken- 
ing the  slurry,  enabling  high  capacity 
to  be  obtained  from  the  filter. 

Filtration  usually  results  in  the  for- 
mation of  a  layer  (or  cake)  of  solid 
particles  on  the  surface  of  the  porous 
body,  frequently  a  textile  fabric,  that 
forms  the  filtering  medium,  (^nce  this 
layer  has  formed  its  surface  acts  as  the 


liltei  nu'diiini,  solids  being  deposited 
and  adding  to  the  thickness  of  the  cake 
while  the  clear  liquid  passes  through. 

A  rotary  filter  consists  essentially  of 
a  rotating  drum  divided  into  three  or 
more  sections  with  a  canvas  cloth  on 
the  drum  surface.  A  vacuum  pump  is 
used  to  maintain  the  vacuum  in  the  sec- 
tion of  the  drum  in  the  skn'ry  by  means 
of  a  sliding  valve  mechanism.  This  re- 
moves the  filtrate  and  at  the  same  time 
deposits  a  cake  on  the  cloth.  The  vacu- 
um is  maintained  as  the  cake  passes  a 
water  spray  for  washing  if  this  is  de- 
sired. A  positive  pressure  may  then  be 
applied  by  blowing  air  inside  the  sec- 
tion of  the  drum  with  the  washed  cake 
on  it.  This  loosens  the  cake  from  the 
cloth  and  a  stationary  blade  then  re- 
moves the  cake. 

Advantages  of  rotary  filters  are  that 
they  are  continuous  in  operation,  and 
cheap  in  operation  since  no  shut-down 
time  is  required  for  cleaning  as  is  the 
case  for  some  other  t>pe  of  filters. 


Chemical  Engineering  juniors  learning  the  operation  of  a  6-plate  distilling 
column,   in  the  Unit  Operations  Laboratory  of  the  East  Chemistry   Building. 
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Fluidized  Beds 

'J'he  basic  idea  that  a  fluidized  bed- 
fluid  passing  at  a  high  velocity  upward 
through  a  bed  of  solid  will  support  that 
bed  of  solids,  can  be  easily  understood 
by  most  people.  If  you  place  your  finger 
in  a  fluidized  bed  using  an  air  stream 
supporting  solid  beads,  the  solids  in  the 
air  stream  will   feel   "wet." 

The  major  industrial  use  of  fluidized 
beds  are  in  the  petroleum  industry.  A 
heavy  fraction  of  petroleum,  such  as 
naptha,  can  be  broken  down  into  gaso- 
line by  contacting  the  naptha  with  a 
solid  catalyst  at  a  high  temperature.  The 
naptha  is  pumped  at  a  high  velocity  up- 
ward through  the  catalyst  which  fluid- 
izes  the  catalyst  and  secures  excellent 
contact  between  the  naptha  and  solid 
catalyst. 

Bubble  Plate  Distillation  Tower 

Distillation  is  the  separation  of  the 
constituents  of  a  liquid  mixture  by  par- 
tial vaporization  of  the  mixture  and 
separate  recovery  of  vapor  and  residue. 
The  more  volatile  constituents  of  the 
original  mixture  are  recovered  by  con- 
densation of  the  vapors  leaving  the  top 
of  the  distillation  tower;  the  less  vola- 
tile constituents  accummulate  at  the 
bottom  of  the  tower  as  a  liquid  resi- 
due. 

Rectification    (called    fractionation   in 
the  petroleum  industry)   is  a  distillation 
in   which   all    or  part   of   the   condensed 
\  apors  at  the  top  of  the  tower  are  intro-  i 
duced    back  into  the  top  of  the  tower,  i 
That  is,  the  liquid  passes  back  down  the  ' 
tower    and    comes    in    contact    with    the 
vapors  rising  in  the  tower.   During  this 
contact  there  is  a  transfer  of  both  ma- 
terial  and  heat  in  which  the  rising  va- 
pors are   enriched   in   the   more   volatile  ^ 
component.    Hence    the    vapors    leaving 
the  top  of  the  tower   are  more  concen- 
trated by  this  contact  than  they  would  ) 
ha\e    been    without    rectification    or   by ' 
simple  distillation. 

An  efficient  method  of  securing  good 
contact  between  the  liquid  and  the 
\  apor  in  the  rectification  process  is  by 
means  of  bubble  plates.  These  plates  (or 
trays)  are  spaced  equally  in  the  tower 
shell.  Liquid  flows  down  the  tower  from. 
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Whether  you're  in  engineering,  sci- 
ence, commerce  or  liberal  arts,  the 
DO  JV sales  organization  may  offer 
just  the  future  you're  looking  for 


What  About  Your  Future? 


Yt)iir  (ippoit unities  for  advaiicement  are  excellent  because 
Dow  is  prDwiuf; — continually  building  new  plants,  develop- 
ing new  production  operations — adding  new  products, 
opening  new  markets. 

Dow  fits  you  for  the  job  with  a  comprehensive  training 
course  which  explains  company  organization,  policy, 
finance,  research,  production,  technical  service  and  sales 
methods. 

You'll  find  that  Dow  is  a  friendly  company.  You'll  discover 
that  promotions  are  usually  from  within,  Irom  Dow's  own 
staff.  Seldom  is  an  outsider  considered  for  a  top  job  at  Dow. 
Moreover,  you'll  find  a  highly  developed  spirit  of  coopera- 
tion between  men  and  departments. 

At  Dow,  your  future  can  be  more  secure  because  of  Dow's 
diversification  of  products  serving  many  diflerent  markets 


— a  real  advantage  if  business  slows — and  certain  to 
multiply  opportunities  as  business  expands.  Also  at  Dow 
— group  insurance,  pension  plans  and  employee  stock 
purchase  plans  have  been  a  tradition. 

If  you  or  any  of  your  friends  majoring  in  other  fields  of 
study  who  have  had  pre-engineering  or  one  vear  or  more 
of  college  chemistry  are  interested  in  finding  out  more 
about  a  future  at  DOW,  write  to  Dow's  Technical  Employ- 
ment Department  today. 


Don's  Biioldcl,  "Oiipdrlitnitics  uilli  The  Dow 
Clicmiad  Comjmny."  csiiccidUy  written  for 
t/io.se  ahoiil  to  enter  the  rheiiiieiil  profession,  is 
iirailahle  free,  upon  rer/iiest.  Write  to  THE 
now  CHEMICAL  COMPANY,  Teehniail 
Employment,  Midland,  Miehigtin. 


you  can  depend  on  DOW  CHEMICALS 


DOVNT 
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tray  to  tray  through  suitable  dowiitlow 
pipes.  The  rising  vapors  pass  through 
holes  in  the  bubble  plates  and  bubble 
up  through  the  liquid  standing  on  tiic 
plate.  In  this  way  a  maxiniuni  amount 
of  contact  is  made  and  hence  a  maxi- 
mum amount  of  enrichment  of  the  ris- 
ing vapors  is  obtained. 

A  working  glass  nM)del  of  a  bubble 
plate  rectifying  tower  is  on  displa\  in 
the  F'ast  Chemistry  Building.  Bromine 
is  being  <listilled  from  a  liquid  nuxture 
of  bromine  and  carbon  tetrachloride. 
Th;'  dark  red  bromine  vapors  are  readi- 
ly seen  through  the  glass  tower  as  tlte\ 


slightly  miscibic  in  the  fir-.t  li(|in'd  phase 
since  there  would  be  no  chance  tor  the 
dissoKed  material  to  be  transferred  from 
one  liijuid  to  the  other  if  the  two  liipiid 
phases  were  completely  miscible.  The 
dissolved  substance  also  must  have  a 
greater  solubility  in  the  solvent. 

One  method  of  obtaining  the  inti- 
mate mixing  lequired  is  the  use  of  a 
packed  column.  A  packed  column  con- 
sists essentially  of  a  cylindrical  tube 
filled  with  packing  of  some  kind.  The 
purpose  of  this  packing  is  to  increase  the 
turbulence  of  the  two  liquid  streams  and 
thereby  uisure  good  contact.  ( )ne  of  the 


Explanation    of    the    workings    of    a    Venturi    meter    apparatus    to    a    group 
of   Chem.    E.'s.     This    apparatus    is    in    the    Unit   Operations    Laboratory. 


bubble  through  the  bubble  plates  and 
pass  overhead  to  the  glass  condenser. 
We'll  meet  you  there  for  an  inside  look 
at    Chemical    f.ngmeermg. 

Liquid-Liquid  Extraction  in  a 
Packed  Column 

Liquid-liquid  extraction  is  the  process 
in  which  a  substance  dissolved  in  one 
liquid  phase  is  transferred  to  a  second 
liquid  phase.  This  process  is  carried  out 
by  intimately  mixing  the  liquid  phase 
containing  the  dissolved  material  with 
the  second  liquid  which  is  called  the 
solvent.  After  the  two  liquid  phases  ha\  e 
been  mixed  together  thoroughU,  the  two 
pha.ses  are  separated.  The  dissolved  ma- 
terial is  removed  from  the  soKent  by 
some  suitable  method  such  as  distilla- 
tion, heating,  or  cooling  to  diminish  the 
solubility  of  the  dissolved  material.  The 
properties  of  the  solvent  greatly  deter- 
mine the  effectiveness  of  the  operation. 
The  solvent  must  be  immiscible  or  only 


common  t\pes  of  packing  is  a  saddle- 
shaped  object  called  Berl  Saddles  which 
have  a  large  surface  area  per  unit  vol- 
ume. Extraction  columns  are  usually 
operated  counter-currently  which  ma\ 
be  explained  as  follows:  consider  the 
case  where  the  feed  stream,  the  liquid 
containing  the  dissolved  substance,  enters 
the  top  of  the  column.  In  order  to  be 
counter-current  the  solvent  stream  must 
enter  the  bottom  of  the  column.  The 
solvent  stream  leaving  the  top  of  the 
column  and  containing  a  large  amount 
of  the  dissolved  substance  is  called  the 
extract  stream  and  the  stream  leaving 
the  bottom  of  the  column  and  containing 
a  small  amount  of  the  dissohed  sub- 
stance is  called  the  raffinate.  It  should 
be  pointed  out  that  this  material  refer; 
red  to  as  the  dissolved  substance  is  usu- 
ally a  liquid. 

Liquid-liquid  extraction  has  many 
useful  applications.  It  is  used  in  the  or- 
ganic chemical  indusctry  and  in  the  pe- 
troleum industry.  It  is  useful  where  it  is 


desired  to  .separate  relativeh  non-vola- 
tile components  or  where  the  compo- 
nents are  sensitive  to  the  temperature 
reipiired  for  distillaticjii.  It  is  also  use- 
ful where  the  desired  non-volatile  com- 
poiunt  is  present  in  small  amounts. 

The  Absorption  of  Gases  in 
Plate  and  Packed  Columns 

In  laboratories  the  absorption  of  gases 
in  liquids  is  conveniently  accomplished 
by  bubbling  the  gas  through  a  liquid.  It 
is  impossible  to  do  this  on  an  industrial 
scale  since  the  space  required  would  be 
too  long  and  costs  of  the  operation  far 
too  high. 

Industrv  demands  that  a  quick,  effi- 
cient, simple  to  operate,  and  relatively 
inexpensive  device  be  used.  To  fulfill 
the  demands  the  chemical  engineer  has 
devised  the  absorption  column.  Essen- 
tially the  absorber  produces  the  same 
effect  that  can  he  accomplished  by  bub- 
bling gas  into  a  liquid,  however,  the 
abosrber  does  so  in  a  more  rapid  and 
more  economical  manner.  There  are  two 
streams  entering  an  absorption  cohimn. 
A  liquid  stream  enters  the  top  of  the 
column,  the  gas  to  be  absorbed  enters 
the  bottom  of  the  tower.  The  liquid 
flows  down  through  the  column  by 
gravity  flow,  the  gas  is  forced  up  the 
column  by  pressure  applieii  in  one  of 
many  methods. 

The  inside  of  the  absorption  column 
can  be  either  packed  with  a  "packing" 
or  have  a  series  of  horizontal  plates  over 
which  the  liquid  flows  and  the  gases 
bubble  through  from  properh'  designed 
openings  which  do  not  permit  liquid  to 
leak  through. 

The  "packing"  in  a  packed  absorp- 
tion column  may  be  of  many  different 
shapes  and  sizes.  The  largest  sizes  are 
rarely  over  three  inches  in  an\'  one  di- 
mension. The  purpose  of  the  packing  or 
of  the  horizontal  plates  is  to  permit  the 
liquid  to  flow  over  a  very  large  surface 
area.  This  permits  maximum  contact 
with  the  gas  rising  up  the  column  and 
therefore  permits  the  maximum  of  ab- 
sorption. 

The  concentration  of  absorbed  gas  in 
the  liquid  can  be  controlled  within  limits 
for  each  absorber  by  regulating  the  li- 
quid and  g;is  rates  through  the  absorber. 

Bio-Engineering 
Department 

In  recent  years  the  application  of 
chemical  engineering  principles  to  the 
field  of  antibiotics  and  pharmaceuticals 
has  developed  what  was  formerly  only 
an  experimenter's  dream  to  one  of  the 
most  prolific  industries,  dollars  and 
cents-wi.se,  in   the   United   States. 

Everyone  old  enough  to  walk  has 
heard  of  pencillin.  But — did  they  aLso 
realize  that  engineering  development  has 
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You  Are  Cordially 
Invited  To  Attend  An 
ALUMNI    REUNION 

umvERsm  OF  ilunois 

GRADUATE    ENGINEERS 

l.^ve  been  meeting  and  work- 
Alumni  of  your  al---!;^\YR  for  many  years.  Each  year 
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Here  you  meet  Engineers  from  ^l^^^  "clemkau'^Ele'c- 
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converted  the  penicillin  production  from 
the  hand-filled  gallon  flask  stage  to  the 
15,000  gallon  "reactor"  as  an  industrial 
process?  Did  they  know  that  the  engi- 
neering aspect  has  literally  "opened  the 
e\es"  of  chemists  and  hiologists  to  the 
potentialities  existing  in  the  applications 
of  life's  "lower"  forms  for  production 
of  more  useful  materials?  Did  they 
know  that  penicillin  is  just  one  of  many 
"wonder"  compounds  which  have  been 
prepared  economically  by  the  once 
loathed  "germs"  througli  tlie  aid  ot  en- 
gineering technology 

The  exhibit  of  the  Hio-Engineering 
Department  will  show  a  common  pro- 
cess which  is  indicative,  even  though  on 
a  small  scale,  of  the  industrial  methods 
and  techniques  applied  to  biological  pro- 
cesses. The  process  which  will  be  dis- 
played is  the  production  of  gliotoxin,  an 
antibiotic  —  whose  long,  silky-white 
needles  have  a  lethal  effect  on  labora- 
tory animals  besides  the  bactericidal 
properties — from  Trichoderma  viridc.  a 
common  mold. 

The  disp]a>  will  start  witii  a  >niall 
lump  of  dirt,  from  which  the  mold  is 
isolated  and  end  with  a  vial  of  pure, 
crystalline  gliotoxin.  The  process  will 
show  the  isolated,  pure  culture,  which 
will  be  exhibited  microscopically  in  a 
Petri  dish  to  show  the  apparent  features 
of  mold   growth   and  macroscopically  to 


show  detailed  features.  Submerged  cul- 
ture tanks  will  be  on  hand  and  a  com- 
plete Waring  Hlender  ensemble  will 
stress  the  aeration  and  agitation  of  a 
culture.  .'\  simple  extracting  unit  will 
demonstrate  the  separation  of  the  anti- 
biotic from  the  "reaction"  mixtvne.  A 
chart  will  al.so  be  present  with  informa- 
tive information  on  the  minimum  dos- 
ages needed  for  bactericidal,  "animal- 
cidal,"  and  possible  "homicidal"  injec- 
tions. 

Chemical  Engineering  Building 

The  home  of  the  Chemical  Engineer- 
ing Department  also  contains  quite  a 
few  surprises  for  our  visitors.  Though  it 
may  sound  unbelievable,  an  unheard-of 
public  exhibition  of  the  conversion  of  en- 
ergy into  matter  will  be  in  operation. 
Within  a  few  seconds  the  size  and 
weight  of  a  piece  of  coal  will  increase 
over  tenfold.  This  exhibit  is  only  one 
of  the  many  awesome  displays  which  will 
compose  a  half-hour  "Chemical  Magic" 
extravaganza.  (  Show  time — every  hour 
on  the  hour ). 

Individual  displays  of  fundamental 
chemical  engineering  processes  will  also 
be  in  continuous  operation.  The  treat- 
ment of  ores  prior  to  their  use  in  chemi- 
cal processes  will  be  illustrated  by  the 
operation  of  a  cone  crusher,  a  jaw  crush- 


er, and  screening  equipment.  An  ab- 
.sorption  column  will  be  operated  to  il- 
lustrate the  continuous  separation  of  a 
mixture  of  two  gases,  one  of  which  is 
water  soluble.  The  continuous  removal 
of  solid  particles  from  a  liquid  will  be 
accomplished  with  a  rotary  filter.  The 
separation  of  two  liquids  whose  near- 
boiling  points  make  distillation  impracti- 
cal will  be  demonstrated  with  a  ten- 
foot  liquid-liquid  extraction  tower.  An 
all  glass,  bubble  cap,  distillation  column 
will  be  operated  to  illustrate  the  contin- 
uous separation  of  multicomponent  mix- 
tures. 

A  research  project  consisting  of  the 
study  of  the  three  types  of  boiling  in  a 
fluid  will  be  on  display.  A  fluidized 
bed,  another  research  project  will  be 
operated  to  demonstrate  the  suspension 
of  a  solid  catalyst  in  a  fluid  as  a  means 
of  achieving  better  fluid-catalyst  contact. 

The  geoengineering  division  of  the 
Chemical  Engineering  Department  will 
present  an   exhibit  of  fermentation   pro- 


Chemical  engineering  students  will  be 
available  to  discuss  with  all  who  are  in- 
terested the  possibility  of  choosing  chem- 
ical engineering  as  a  profession. 


The  cleanest  thing  in  the  world  these 
days  is  a  dollar  bill  ;  not  even  a  germ 
can  li\e  on  a  dollar. 


^;f^f^ 


New  Student  Union  Selects 


^^Rjfc  Air  Conditioning  &  Refrigeration 

This  fine  building  of  the  Indiana  Univcr- 
sity  Medical  Center,  at  Indianapolis,  com- 
prises apartments,  guest  rooms,  dining  halls, 
shops,    swimming    pools,    etc. 

Here  both  air  conditioning  and  food 
service  loads  are  handled  by  13  Fricit  re- 
frigerating machines,  and  a  Fricit  unit  air 
conditioner.  Installation  by  Hayes  Bros..  Inc., 
Distributors  at  Indianapolis  and  South  Bend. 
For  that  important  cooling  job  of  yours, 
specify  Fricit  equipment:  there's  nothing  to 
compare  with  it.  Write  now  for  Bui.  100  on 
"ECLIPSE"   compressors. 


The  Frick  Graduate  Training  Course  in  Refrigeratton  and  Air  Conditx 
ing,  operated  over  30  years,  offers  a  career  in  a  growing  industry. 


MlT'iiftiTi.^)iiA'L'r^ 


r' 

IN  OUTSTANDING  BUILDINGS 

JOHNSON 

AUTOMATIC 

TEMPERATURE 

CONTROL 

:?i 


Juhn-oii,  unique  in  Anitricaii  uidu^trv.  i^  the  only 
nationwide  organization  devoted  exclusively  to 
manufacturing,  planning  and  installing  automatic 
temperature  and  air  conditioning  control  systems. 
This  vast  reservoir  of  experience  is  readily  avail- 
able to  architects,  engineers,  contractors  and  owners 
through  the  large  staff  of  Johnson  engineers  in  the 
factory  and  80  direct  branch  offices. 

For  69  years.  Johnson  engineers  have  been  called 
upon  to  solve  everv  conceivable  type  of  tempera- 
ture, humidity  and  air  conditioning  control  problem. 
Their  interesting  work  takes  them  into  industrial, 
business,  educational,  large  residential,  public  and 
institutional  buildings  of  all  sizes  and  types.  No 
uonder  Johnson  Control  is  first  choice  in  outstand- 
ing buildings  ...  evervw  here!  JOHNSON  SERVICE  , 
COMI'AN't ,  Miluaukee  2,  Wisconsin 


JOHNSON  U'/r//€iMia/e'r  i^em/te^ia/tile 

aiu/  ^^Jii  ^{^oti(/e/(finfitff  CONTROL 


MANUFACTURING 


INSTALIING    •    SINCE   1685 
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A  Marriage . . . 

BUSINESS   AND 
EDUCATION 

by  James  E.  Smith,  Ag.  E.  '55 


The    problem    of    support    for    higher 
education    is     one     that     has     troubled 
thoughtful  citizens  in  a  period  when  tui- 
tion  fees  and  income  from  endowments 
ton  often  cannot  keep  pace  with  mount- 
ing  costs.   The   government   is   a   source 
of  aid  to  higher  education  ;  but  there  are 
obvious  drawbacks  to  going  too   far  in 
this    direction.    Another    source,    which 
has    not     been    adequately    explored,    is 
private    industry.       At    White    Sulphur 
Springs  in  mid-November,  a  special  con- 
ference planned   by   Dr.    Milton   D.   Ei- 
senhower,  president,   Pennsylvania  State 
University,  and  Robert  R.  Young,  chair- 
man  of  the   hoard,   Chesapeake  .^'   C^hio 
Railroad    and    of    the    Alleghany    Corp., 
:    took    up   this   problem.    Hefore    the   con- 
ference  was  over,    Mr.   Young   pledged 
I  on  behalf  of  the  board  of  Chesapeake  (^ 
Ohio  Railroad  an  unspecified  amount  of 
I   money   to   be   used    in    furthering   indus- 
I   try  support  for  higher  education. 
I        Mr.   Young   laid    the    foundation    for 
this  conference  in  February  1953  when, 
at   the    5th    annual    Barnard    Forum   in 
New  York  City,  he  proposed  closed  co- 
operation   between    industry   and    educa- 
I  tion    in     an     address     appropriately    en- 
i  titled,    "A    Marriage    of    Business    and 
Education."  He  again  elaborated  on  this 
I  theme  on  March  2(i,  at  the  annual  din- 
ner of  the  Federation  for  Railwa\    Pro- 
'  gress  in  Cleveland. 

From  this  point,  Mr.  Young  and  Dr. 
I  Eisenhower  began  specifically  to  plan 
[  the  (ireenbriar  Conference.  Dr.  Henr\ 
T.  Heald,  chancellor  of  New  York  I'ni- 
j  versify,  and  Admiral  Ben  Moreell  (re- 
tired), chairman,  Jones  &  Laughlin 
I  Steel  Corp.,  agreed  to  .serve  as  co-chair- 
:  men.  Dr.  Carroll  V.  Newsom,  associ- 
I  ate  commissioner  for  higher  education 
i  in  New  York  State,  became  conference 
i  administrator  and  Clifford  H.  Rams- 
I  dell,  secretary-treasurer  of  the  Federa- 
;  tion  for  Railwa\'  progress,  served  as  con- 


ference secretary.  Educators  and  indus- 
trialists were  invited  on  the  basis  of 
size,  type,  and  location  of  their  respec- 
tive educational  institutions  and  business 
enterprises.  A  working  agenda  was  pre- 
pared by  the  conference  management. 

The  objectives  of  the  conference,  as 
one  of  the  co-chairmen  put  them,  were 
two-fold:  first,  to  discuss  and  evaluate 
existing  programs  of  cooperative  en- 
deavor between  industry  and  education; 
and  second,  to  consider  on  the  strength 
of  demonstrated  mutual  benefit  from 
already  established  programs,  how  they 
could  work  together  further  "to  pre- 
serve, protect,  and  enhance  the  values 
of  a  free  system  of  competitive  enter- 
prise and   a   democratic  way  of   life." 

The  two  day  meeting  started  with  a 
general  session  and  talks  by  Mr.  Young, 
Dr.  Heald,  and  Admiral  Moreell.  Then 
six  small  work  groups  considered  these 
four  subjects: 

1.  Cooperation  in  providing  improved 
educational  opportunities  for  young  peo- 
ple. 

2.  Cooperation  in  providing  expand- 
ed educational  services  for  industrial  em- 
ployees. 

?i.  (ireater  effort  on  the  part  of  in- 
dustry and  education  toward  an  under- 
standing and  resolution  of  the  problems 
of  mutual  importance. 

4.  Next  steps  to  increase  the  number 
and  total  effectiveness  of  cooperative  ef- 
forts by  industry  and  education. 

I?\  the  time  the  conference  closed, 
se\ent\  presidents — half  from  industry 
and  half  from  education — were  substan- 
tially agreed  on  these  points: 

1.  That  better  communication,  by  di- 
rect contact,  is  needed  for  each  to  under- 
stand the  problems  of  the  other. 

1.  That  support  for  education  by  in- 
dustry will  be  a  natural  consequence  of 
further  cooperative  efforts  in  projects 
of  mutual   interest. 


.?.  That  additional  similar  conferences 
should  be  held  on  regional,  state  ,and 
local   levels  throughout  the  country. 

4.  That  educators  and  industrialists 
should  meet  and  work  together  when- 
ever possible  on  a  person  to  person  basis. 

5.  That  a  national  agency  should  be 
set  up  to  act  as  a  service  bureau  for  fu- 
ture conferences,  serve  as  an  information 
clearing  house,  and  function  as  a  pub- 
licity organization. 

ft.  That,  while  presidents  of  universi- 
ties and  presidents  of  business  organiza- 
tions may  agree  fully,  college  faculties, 
on  the  one  hand,  and  directors  and  stock- 
holders, on  the  other  must  be  convinced 
of  the  mutuality  of  interests  of  educa- 
tion and  business,  and  be  willing  to  help 
further  it  in  word  and  deed. 

7.  That,  while  cooperation  in  techiu- 
cal  research  is  well  established,  there  is 
need  to  "build  a  better  bridge"  between 
industry  and  higher  education  in  the  so- 
cial sciences,  humanities,  and  liberal 
arts. 

S.  That  more  educational  programs 
should  be  geared  to  industry's  direct  and 
immediate  needs,  and,  at  the  same  time, 
that  industry  should  contribute  more 
freely  and  fully  to  the  general  needs  of 
educational   institutions. 

9.  1  hat  in  corporate  giving,  where 
there  is  a  will,  there's  a  way;  that  cor- 
porate aid  should  be  considered  not  as  a 
gift  or  a  grant,  but  as  a  "factory  ex- 
pense," that  is,  as  a  cost  of  doing  busi- 
ness. 

10.  That  there  should  be  wider  use 
of  .scholarship  programs,  work-study 
plans,  guidance  services,  in-service  train- 
ing, short  courses,  seminars  and  confer- 
ences, exchange  personnel  (college  pro- 
fessors working  for  industry,  industrial 
personnel  as  temporary  faculty  mem- 
bers), research  projects,  and  direct  gifts 
to  groups  of  colleges  or  to  indi\idual 
colleges. 

The  need  of  industry  for  specialists  is 
obvious,  l/ess  obvious,  but  not  less  im- 
portant, is  industry's  need  for  men  and 
women  who  can  think  clearly  and  inde- 
pendently and  who  have  sensed  deeply 
the  values  upon  which  a  free  society 
rests.  .Adnu'ral  Moreell  made  it  clear  in 
speaking  at  the  conference  that  the  lib- 
eral arts  are  as  much  a  part  of  the 
background  of  a  sound  industry  as  are 
the  sciences.  The  problems  in  the  way  of 
grants  by  corporate  institutions  to  high- 
er education  are  admittedly  consider- 
able ;  business  has  to  make  sure  that  the 
interests  of  its  stockholders  are  really 
being  .served  and  the  colleges  have  to 
make  sure  that  their  traditional  free- 
doms are  in  no  way  impaired.  The  fact 
that  representatives  of  both  interests 
have  come  together  to  work  out  these 
problems  is  encouraging;  for  this  field 
seems  to  be  one  where,  if  the  will  ex- 
ists, a  way  can  certainly  be  found. 
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The  Civil  Engineer 

-CREATOR 

-DESIGNER 

-BUILDER 

by  Robert  M.  Koscielny,  C.E.  '54 


Tlic  ci\il  (.'iij^incer  is  responsible  tui 
the  design,  construction  and  mainten- 
ance of  buildings,  highways,  railroads, 
bridges,  dams,  airfields,  canals,  water 
and  sewage  systems,  harbors,  tunnels 
a[ul  surveying.  Since  civil  engineering 
co\ers  siicji  a  broad  field  the  department 
is  broken  down  into  options.  These  op- 
tions include:  Structural  Design,  High- 
ways, Railroads,  Construction  and  Sani- 
tary Engineering. 

Structural  Design — It  is  the  structur- 
al engineers  duty  to  design  bridges, 
buildings  and  many  other  types  of  struc- 
tvu-es  so  that  they  may  perform  their 
proposed  service  with  the  most  economi- 
cal and  safe  proportioning.  The  actual 
designing  involves  first,  determining  the 
forces  or  loads  which  the  frame  will  be 
required  to  support;  second,  arranging 
a  s\stem  of  beams,  columns,  and  tension 
members  in  various  forms  and  combina- 
tions to  support  the  proposed  construc- 
tion avlequateh  ;  third,  calculating  the 
direct  stresses,  shears  and  moments, 
caused  b\'  the  applied  loads,  in  members 
of  the  frame  fourth  proportioning  the 
members  to  resist  safety  and  economical- 
ly the  forces  to  which  they  are  sub- 
jected. 

Most  of  the  undergraduate  work  in 
structiu'al  design  is  done  in  Civil  Engi- 
neering Hall,  however,  a  large  structvn- 
al  laboratory  for  testing,  research,  and 
instruction  is  located  in  Talbot  Labora- 
tory. The  information  obtained  in  the 
laboratory  and  elsewhere  serve  as  a  basis 
for  better  knowledge  of  the  behavior  of 
structures  and  to  the  development  of 
more  economical  and  efficient  design  of 
engineering  structures.  At  present  the 
following  tests  are  being  conducted  most- 
ly by  graduate  students  in  Talbot  Lab- 
oratory. 

I.  Rhntccl  and  Bolted  Struct  ii:  a 
Jnints — This  program  is  concerned  with 
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the  strength  of  structural  steel  joints 
made  with  rivets  or  bolts,  and  subjected 
to  static  or  repeated  loads  imtil  failure. 
A  second  phase  is  concerned  with  the 
effect  of  the  rivet  pattern  or  arrange- 
ment on  the  strength  and  efficiency  of 
the  joint.  Still  another  phase  of  the  pro- 
gram is  concerned  with  the  strength  of 
bolted  structural  joints.  It  has  been 
found    that    high-tensile    strength    bolts 


provides  a  connection  which  in  most 
cases  is  superior  to  similar  riveted  con- 
nections. 

Fatgiuc  Strength  of  ll-'elded  (Connec- 
tions— The  objective  of  this  program  is 
to  determine  those  welding  variables 
which  affect  the  physical  properties  of  a 
welded  joint,  how  the  properties  are  af- 
tected,  and  to  apply  this  knowledge  to 
the  improvement  of  the  arc  welding  of 
structural  steel. 

Preslressed  (Uinerete  for  I  ligfncfiy 
Bridges — The  objective  of  this  project 
is  to  obtain  information  so  that  the 
structural  engineer  may  utilize  prestres- 
sed  concrete  to  the  maximum  possible  ad- 
vantage. The  experimental  work  in  this 
investigation  has  involved  tests  on  sim- 
ple beams  to  determine  their  bending 
and  shearing  strength. 

These  tests  will  be  in  progress  during 
Open  House  and  you  are  urged  to  come 
and  examine  the  testing  equipment  and 
methods  for  \ourself.  It  seems  necessary 
to  point  out  that  the  results  of  these  and 
similar  studies  increase  the  engineers  un- 
derstanding of  the  behavior  of  structures 
uniier  different  conditions  of  loading 
and  provide  the  basis  for  more  efficient 
and  rational  design  methods. 

Highway  Engineering — It  is  the  duty 
of  the  highway  engineer  to  design,  lay- 
out, and  supervise  the  construction  of 
highways.  In  the  design  mvich  considera- 
tion is  given  to  traffic  volume  and  the 
type  of  loading  to  which  the   pavement 


Modern   dual   expressway   under  construction   from   Danville  to    Peoria 

THE  TECHNOGRAPH 


i 


may  be  subjected.  Since  the  support  and 
stability  of  the  highway  slab  are  ob- 
tained directly  from  the  material  be- 
neath it,  considerable  attention  is  given 
to  the  soil  underlying  the  pavement.  The 
highway  engineer  uses  the  soil  tests  a. 
demonstrated  in  room  201  Talbot  Lab- 
oratory to  determine  the  stabilit\'  and 
other  characteristics  of  the  soil.  Drain- 
age is  another  variable  which  affects  the 
stability  of  this  soil  and  it  is  the  high- 


turc  tests  of  ciri\ing  skill,  eye  sight,  .uid 
reaction  time  for  those  visitors  who  wish 
to  test  their  skills. 

Rathoad  Engineering — The  railroad 
engineer  as  the  highway  engineer  is  con- 
cerned with  the  design,  layout  and  su- 
pervision of  construction  of  railroads. 
The  terminals  and  intermediate  points 
connected  bv  a  railroad  are  determined 
by  its  promatirs  with  a  view  of  the 
amount  of  n.-iftic   that  can   be  expected 


Laboratory  for  testing  concrete  structures  and   bridge  frameworks 


w  ;i\    engineers  job  to  see  that   adequate 
drainage  is  maintained. 

In  laying  out  highwa>s  the  highwax 
engineer  must  consider  existing  terrance 
traffic  \olume,  traffic  flow  and  speed. 
I  he  highway  engineer  uses  traffic 
mimts  to  layout  particular  intersections 
and  to  determine  the  most  used  routes. 
The  highway  engineer  is  not  limited  to 
highway  planning,  in  fact,  his  major 
and  most  complex  problems  are  those 
concerned  with  municipal  streets.  For 
municipal  work  he  must  coordinate  stop 
li'.ihts,  design  intersections,  and  express- 
\\  a\s  to  pre\ent  the  jamming  up  of  traf- 
fic and  maintain  a  steady  flow  of  traffic 
at  all  times. 
;  The  highway  engineer  also  must  su- 
;  pcrxise  the  construction  of  highways  in 
niilcr  to  insure  good  materials  and  work- 
manship. He  is  responsible  for  designing 
I  concrete  or  asphalt  mixes  and  finally 
testing  these  materials  to  be  sure  that 
they  meet  the  required  specifications. 

Since  surveying  is  so  closely  connected 
with  highway  work,  the  siu'veying  equip- 
ment used  by  all  civil  engineers  is  ex- 
hibited along  with  the  liighway  exhibits. 
The  highwa\'  engineers  exhibit  will  fea- 


from  them.  From  the  nature  and  amount 
of  traffic  and  the  direction  of  the  heavi- 
est haid,  the  railroad  engineer  determines 
the  maximum  gradients  and  cur\ature 
advisable.  Aside  from  this  his  problems 
and  duties  nearly  parallel  those  of  the 
highway  engineer.  A  model  and  a  series 
of  photographs  will  be  featured  as  a 
part  of  the  railroad  engineering  exhibit 
in  Civil  Engineering  Hall. 

(Construction — The  construction  engi- 
neer has  general  control  of  all  construc- 
tion operations.  He  studies  the  different 
types  of  construction  equipment  and 
their  uses  and  limitations.  He  must  se- 
lect the  proper  size  and  amount  of  equip- 
ment, materials,  and  personnel  to  per- 
form the  operation  in  the  quickest  most 
economical  manner.  He  sets  up  construc- 
tion schedides  and  plant  layouts  for  field 
operations.  He  also  must  estimate  con- 
struction costs  and  be  familiar  with  cost 
accounting  and  legal  contracts  docu- 
ments. 

This  year's  construction  exhibit  will 
include  a  model  of  an  actual  construction 
operation  in  progress.  Many  new  types 
of  construction  equipment  and  methods 
will   also  be  exhibited. 


Sanitary  Engineering — The  principle 
duty  of  the  sanitary  engineer  is  the  de- 
sign and  operation  of  municipal  water 
supply  and  sewage  treatment  plants.  The 
Sanitary  Engineering  Laboratory  is 
equipped  to  conduct  tests  in  the  field 
of  sanitary  engineering,  including  water 
supply,  distribution,  and  purification ; 
sewerage  and  sewage  treatment;  and 
stream  pollution.  The  sanitary  engineer 
must  design  pipe  lines,  reservoirs,  pump- 
ing machinery,  and  distribution  systems 
to  handle  the  required  amount  of  water 
or  sewage. 

The  sanitary  engineer  spends  much  of 
his  time  in  the  Hydraulic  Engineering 
Building  which  is  equipped  to  carry  on 
model  research  projects  in  drainage, 
open  channel  flow,  pressure  flow,  ori- 
fice discharge,  spillway  discharge  and 
other  features  pertaining  to  the  design 
and  construction  of  hydraulic  structures. 
A  thorough  understanding  of  hydraulics 
is  a  basic  requirement  of  the  sanitar\'  en- 
gineer. 

A  model  sewage  treatment  plant  built 
by  the  sanitary  engineering  students  will 
be  displayed  in  Civil  Engineering  Hall. 
The  Salutary  and  Hydraidic  Engineer- 
ing Laboratories  will  also  be  open  and 
\()u   are  invited  to  visit  them. 

The  field  of  civil  engineering  is  broad 
and  the  opportunities  are  unlimited.  The 
students,  and  faculty  are  proud  to  ex- 
hibit to  you  the  largest,  most  well  equip- 
ped College  of  Civil  Engineering  in  the 
Oduntry. 


From  Wash.  State  Synihol:  Wo. 
Thought  to  be  a  member  of  the  human 
family. 

.//.  //■/.:  Accepted  as  120,  though 
known    isotopes  vary  from   100  to    ISO. 

Occurrence:  Found  both  free  and 
combined,  usually  with  man. 

Physical  Prop.:  Seldom  found  in  pure 
state.  All  colors.  Surface  usually  pro- 
tected by  a  film  of  paint.  Boils  at  noth- 
ing and  freezes  without  reason.  An  un- 
polished specimen  tends  to  turn  green  in 
the  presence  of  a  highly  polished  one. 
All  varieties  melt  with  proper  treatment. 
Density  not  as  great  as  once  supposed. 

(jlicin.  Profi.:  Highly  explosive  and 
dangerous  in  inexperienced  hands.  Pos- 
sesses great  affinity  for  gold,  silver, 
platinum,  and  all  precious  stones.  May 
explode  spontaneously  when  left  alone 
by  man.  Fresh  variety  has  great  mag- 
netic attraction.  Ages  rapidly. 

Uses:  Chiefly  ornamental.  Cleaning 
agent.  \1:\\  produce  fe\er.  Most  power- 
ful reducing  agent  (bank  accounts) 
known. 


"Don't  talk  to  me  about  lawyers,  my 
dear.  I've  had  so  much  trouble  over  the 
property  that  I  sometimes  wish  nn'  hus- 
banil  hadn't  died." 
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PROGRESS  OF  A  PROBLEM 


I  To  desif<n  and  mamifacture  advanced  radar  and  fire  control 

THE    PROBLEM:  '  systems  for  niilitary  all-weather  fii^litcrs  and  interceptors— 

I  eijuipnicnt  that  must  he  li\iht  in  weis^lit,  versatile,  and  capable 

'  of  accurate  operation  day  or  night  under  extreme  conditions. 


At  Hughes  the  answers  to  these  requirements  for  complexly  interacting  system^ 
involving  advanced  radar  and  fire  control  have  hcen  under  continuing  dcvelopmeni 
from  1^4$  and  in  production  since  ig4Q.  Even  more  advanced  systems  are  cur- 
rently in  process  of  development  for  supersomc  aircraft. 

Be^iiming  with  systems  engineering  and  analysis,  the  mihtary  studies  are  initially 
concerned  with  evaluation  of  the  strategic  and  tactical  needs  of  the  services  in  order 
to  establish  design  objectives.  This  is  followed  by  the  analysis  of  problems  involving 
noise,  smoothing  and  prediction,  multi-loop  nonlinear  servos,  aircraft  d\namics 
and  controls,  and  the  properties  peculiar  to  conversion  of  analog  mtormation 
to  digital  quantities.  From  the  analytic  stage  evolve  the  requirements  for  systems 
design  and  circuitry,  designs  of  computing  sub-systems,  microwave  transmitting 
and  receiving  equipment,  the  presentation  of  information  to  an  airplane  pilot,  and 
advanced  testing  needed  to  optimize  over-all  system  performance. 


Aircraft  shown  in  the  accompany- 
ing photographs  are  among  those 
equipped  with  Hughes  radar  and 
fire  control  systems. 


SYSTEMS 
ENGINEERS 

CIRCUIT 
ENGINEERS 

Further  advancements  in 
the  fields  of  radar  and  fire 
control  are  creating  new 
positions  on  our  Staff  for 
engineers  experienced  in 
the  fields  of  systems  engi- 
neering and  circuit  design, 
or  for  those  interested  in 
entering  these  areas. 


SCIFNTinC 
AND 

ENGINEERING 
STAFF 


HUGHES 

RESEARCH    AND    DEVELOPMENT 
LABORATORIES 

Culver  City,  Los  Angeles  County 
California 
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Good  climate  for 

I     engineering  jobs! 


The  finest  research  and  e^ineering  facilities  are 
available  to  International  Horvester  engineers.  Here 
they  test  truck  performanceat  70  degrees  below  zero. 


■  The  American  transportation  system  is  the  most 
highly  developed  in  the  world.  And  International 
trucks  are  part  of  this  picture. 

At  Fort  Wayne,  Indiana,  International  Har- 
vester maintains  the  biggest  truck  research,  de- 
velopment and  testing  laboratory  in  the  world. 
The  opportunity  such  an  operation  provides  for 
young  engineers  is  obvious. 

Throughout  the  entire  International  Harvester 


INTERNATIONAL 


operation,  engineers  are  needed.  Electrical,  me- 
chanical, industrial,  metallurgical,  agricultural, 
design,  research,  and  testing  engineers  find  that 
Harvester  offers  unusual  opportunity. 

If  you  are  interested  in  a  career  in  the  engineer- 
ing field,  we  suggest  you  write  to  F.  D.  MacDonald, 
Education  and  Personnel  Department,  Interna- 
tional Harvester  Company,  180  N.  Michigan  Ave- 
nue, Chicago  1,  Illinois. 


B 


MM 


HARVESTER 


Chicago  1,  Illinois 

Builders  of  Farm  /mp/emenfs  and  Farm  Tractors  for  easier,  more  profitable  farmirtg  .  .  . 

Trucks  for  better  transport  .  .  .  Crawler  and  Industrial  Tractors  .  .  .  Industrial  power  for  road-building 

and  earth-moving  .  .  .  Refrigeration  for  better  preservation  of  food 
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Carl  Vinson,  '55,  examines  a  pulverizer  in  the  crushing  and  grinding  room 
of   the   East   Chemistry    Building. 


The  second  World  War  has  come  and 
gone,  leaving  in  its  wake  many  pock 
marks  on  the  face  of  society  as  a  whole, 
and  in  many  cases  effecting  irrevocable 
changes  in  landscape  and  human  masses 
which  are  truly  monuments  to  our  ig- 
norance and  emotional  immaturity.  Yet, 
rising  from  this  quagmire  of  human  dis- 
grace, came  technological  advances 
which  were  far  and  beyond  that  which 
we  produced  during  peacetime  and  pros- 
perity. This  fact  also  exemplifies  man's 
intolerance  toward  and  lack  in  regard  for 
his  fellow  man.  Be  that  as  it  may,  this 
is  not  a  paper  to  cry  out  against  human 
injustice;  nevertheless,  I  feel  it  should 
hv  noted  that  it  was  from  that  cess- 
pool of  human  relations  that  the  physi- 
cist and  the  engineer  emerged  with  a 
new  insight  as  to  the  needs  of  the  other 
in  particular  and  of  the  nation  in  gen- 
eral. 

Thus  was  formed,  soon  after  the  re- 
cent conflict,  a  new  animal,  an  Engi- 
neering physicist  by  name,  whose  job  it 
was  to  fill  the  larger  gap  that  had  grown 
between  the  two  respective  branches  of 
science.  Somehow  more  physics  had  to 
be  learned  by  the  engineer  and  more  en- 
gineering by  the  physicist.  But,  as  soon 
became  evident,  neither  curricuhim  had 
enough  space  for  the  proper  treatment 
of  its  own  subjects  in  four  years,  let 
alone  the  adequate  inclusion  of  the 
other.  This  was  the  dilemma  which 
faced  our  educators  at  the  war's  end. 
It  was  met  by  starting  this  new  cur- 
riculum in  a  few  of  our  major  univer- 
sities which  allowed   for  a  program   of 


advanced  mathematics,  ad\anced  phxsics 
along  with  an  engineering  technical  op- 
tion, to  the  mutual  exclusion  of  human- 
ity and  civilization  courses. 

This  style  of  education  did  not  meet 
with  unanimous  approbation  among  our 
educators;  in  fact,  the  Engineering 
Physics  curriculum  as  yet  has  not  been 
adopted  by  many  of  our  big  schools,  not- 
able among  them  are:  Columbia  L  ni- 
x'ersity,  and  the  Massachusetts  Institute 
of  Technology.  They  still  contend  that 
it  is  not  the  function  of  a  universit\ 
to  furnish  to  the  world  well-trained  and 
highly-skilled  technicians,  whose  formal 
education  in  the  fields  of  humanities  is 
nil ;  but  it  is  to  pour  forth  from  its 
portals  of  knowledge,  human  beings, 
with  well-rounded  educations,  who  are 
capable  of  assuming  an  integrated  and 
balanced  place  in  society  as  well  as  being 
skillful  in  their  respective  fields.  This 
is  a  major  controversial  issue  as  yet  un- 
resolved, with  many  profound  facets, 
which  I  leave  to  the  reader  to  think 
about;  for  this  paper's  main  concern  is 
the  physicist's  role  in  the  1954  Open 
House. 

We  ha\e  for  \ou  this  spring  quite  a 
\aried  collection  of  exhibitions,  lectures, 
and  the  like  for  your  enjoyment.  Physics' 
contribution  will  include  displays  from 
each  of  the  following  six  categories, 
namely:  heat,  sound,  light,  electricity 
and  magnetism  (which  includes  an  elec- 
tronics display),  atomic  and  nuclear 
physics,  and  mechanics.  A  seventh  attrac- 
tion will  be  a  lecture  on  space  flight 
which  will   be   continuously  given;   and 
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last  to  be  nu'iitioiu-d,  but  by  no  means 
last  in  importance,  is  the  lectures  that 
will  be  given  tlownstairs  in  the  Engi- 
neering Research  Building,  on  the  Illiac, 
the  University  of  Illinois'  prized  high- 
speed computer. 

Since  I  mentioned  heat  first,  I'll  start 
describing  our  exhibits  by  telling  you 
what  Gordon  E.  Cash's  people  are  goin^ 
to  do.  (lordon,  who  is  a  junior  in  En- 
gineering Physics,  is  chairing  the  group, 
and  his  main  subject  is  the  design  anil 
construction  of  an  amazing  device  called 
the  Hilsch  Vortex  Tube  which  seems 
in  essence  to  separate  low  and  high 
speed  gas  molecules.  I  know  that  this 
sounds  like  a  violation  of  the  second  law 
of  theiniodynamics,  but  contrary  to  its 
appearance,  it  does  not  do  so.  Dr.  Hilsch, 
its  inventor,  had  a  time  with  the  intri- 
cacies of  the  theory,  and  was  first  trou- 
bled by  this  apparent  \iolation  ;  but  later 
an  adequate  qualitative  description  of 
the  tube  was  given.  Up  until  this  print- 
ing no  exact  analysis  has  been  found. 
This  is  one  display  that  should  tickle 
your  curiosity.  Other  exhibits  will  in- 
clude a  demonstration  of  low-tempera- 
ture physics,  where  a  super-conducting 
bar  of  metal  will  be  made  to  float  on  a 
magnetic  field,  along  with  other  un- 
usual cold-lab  experiments.  If  all  goes 
well,  there  will  be  induction  heater  set 
up  in  which  metals  will  be  melted  be- 
fore your  eyes  without  any  semblance 
of  a  flame. 

Next  on  the  list  is  the  sound  group 
with  two  chairmen,  rather  one  chair- 
man, Alan  C.  England,  Eng.  Phys.  '54, 
and  one  chairlady.  Miss  Gloria  Winkel. 
Eng.  Phys.  '54.  This  pair  of  seniors  ha\  c 
a  weird  electro-musical  device  rigged  u(i, 
where-by,  the  pitch  and  volume  of  the 
sound  can  be  continuously  varied  thru 
the  different  placement  of  one's  hands 
with  respect  to  two  antennae.  This  in- 
strument, called  the  Therimin,  has  its 
practical  use  also,  as  it  is  part  of  the 
stock  and  trade  of  radio  sound-effect 
men  and  was  heard  as  the  solo  instru- 
ment in  the  background  music  of  the 
motion  picture  "Spellbound."  Several  of 
our  people  are  learning  to  play  this  in- 
strument and  a  good  time  should  be 
had  by  all.  Another  display  will  be  t'n 
picturization  of  your  voice  pattern  nii 
the  screen  of  an  oscilloscope. 

The    light    people    are    headed    b\     a 

man  familiar  to  most,  Bob  Trapp,  Eng. 

Phys.    '54,    who    is    also    the    chairman 

of    Engineering    Council.    Even    though 

these  are  light  people,  they  are  certainh 

not   light   headed,    for   the  displa\'s   that 

they  have  set  up  took  some  deep   tiiink 

ing.    Their    main    attraction    will    be    a 

sound  modulated  light  beam  with  which 

sound  communication  will  be  carried  on 

W  across    a    room    over    a    beam    of    light. 

I  Oher  exhibits  will  include  the  bending 

I  of  light  thru  a  water  stream   and  some 

1   experiments  in  polarized   light. 


Joseph  M.  Berstein,  Eng.  Phys.  '55, 
will  let  you  benefit  from  his  experience 
in  the  field  of  electronics  by  chairing 
the  electricity  and  magnetism  group. 
This  group  proudly  displays  a  simulated 
flying-spot  scanner,  which  the  fellows 
designed  and  built  themselves.  This  scan- 
ner will  "read"  any  geometrical  figure 
or  even  your  owti  name  written  on  a 
glass  slide,  and  will  then  electronicalh' 
display  it  on  an  adjoining  oscilloscope. 
Accompanying  this  exhibit  will  be  one 
consisting  of  several  high-voltage  demon- 
strations including  ones  with  audience 
participation.  This  group  promises  to 
make  their  show  a  real  shocker. 

The  experiments  in  nuclear  physics, 
which  were  so  popular  in  the  last  Open 
House,  will  be  repeated  again  this  year 
tor  all  to  enjoy.   Ronald   Lambert,  Eng. 


Phys.  '55,  will  head  tile  group  this 
year  and  has  added  many  new  nuclear 
and  atomic  wonders  for  you  to  behold. 
Says  Ron,  "There'll  be  a  'hot'  time  in 
the  old  Physics  Building  tonight."  Al- 
right Ron  boy,  we  understand,  hmm, 
hmni,  sure,  \es  we'll  see  \ou  there.  Bye 
now. 

1  think  that  one  of  the  highlights  of 
our  show,  or  at  least  so  the  audiences 
thought  in  preceding  years,  is  our  me- 
chanics exhibit,  headed  by  Miss  Donna 
Rudig,  Eng.  Phys.  '57.  They  have  a 
fairly  frictionless  table  on  which  they'll 
take  you  for  a  spin.  But,  I  warn  >ou, 
you  best  wear  a  crash  helmet  and  strap 
your  safety  belt  down  tightly,  for  this 
group  really  sends  you.  Man,  the\'re 
real  gone.  Included  is  also  a  wild-eyed 
pendulum  that  fairly  knocks  you  right 
from  your  seat.  I  predict  that  this  is  an 
exhibit  that  will  set  the  joint  a-rockin' 
for  you  and  make  the  stout  of  heart  go 
running  for  their  vitamin  pills. 

In  accordance  with  the  precedent  set 
last  year,  we  will  ha\e  another  fidl  lec- 
ture, onl\  this  time  it  will  co\er  the 
topic  of  Space  Elight.  We  are  very  for- 
tunate in  securing  a  non-physics  student, 
Arnold  Dipert,  a  lawyer,  whose  vast 
knowledge  on  the  subject  will  soon  be- 
come apparent  as  >ou  listen  to  him.  Ar- 
nold got  interested  in  proposed  rocket 
travel  as  a  young  boy,  and  many  say  that 
he  has  been  in  the  clouds  ever  since  (in 
a  fog  that  is).  His  lecture  will  be  aug- 
mented  with   a  series  of  slides  depicting 


Prof.  D.  W.  Kerst  of  the  Physics  Depar  toient  is  shown  with  the  30  mev  beta- 
tron which  he  developed  here  at  the  University  of  Illinois. 
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Ten   mev  deuterons  emerge  from  the 
Nuclear  Radiation  Laboratory) 

tin-  snrt;n'i'  aiiulitions  (in  tin-  \an(ui> 
planets.  Your  cxiicni-nccs  in  (  )pcn 
House  will  be  niadc  niuch  richer  thru 
attending  one  ot   Arnold's  lectures. 

We  are  very  honored  in  having  the 
I  Iliac  with  us  this  \ear.  Dr.  Meager, 
who  is  the  director  of  the  computer 
staff,  has  graciously  allowed  computer 
time  for  demonstrations  which  will  oc- 
cur for  1  S  minutes  at  the  beginning  of 
each  hour.  As  you  all  know,  the  Illiac 
has  become  an  important  tool  in  the  re- 
search that  has  transpired  on  this  cam- 


U.  of  K.  Cyclotron.   (Photo  courtesy  of 

pus,  and  there  is  a  constant  search  being 
made  at  the  Computer  Laboratory  in 
order  to  find  uvw  and  speedier  ways  of 
utilizing  this  powerful  tool.  I  am  sure 
that  you  will  find  the  visits  to  it  shall 
be  instructive  as  well  as  entertaining. 

Thus  \\e  have  come  to  the  end  of 
the  Physics  Society  program.  This  how- 
ever, has  only  been  a  limited  sneak  pre- 
view of  the  new  and  exciting  things  that 
are  in  store  for  you  when  you  come  and 
taste  of  our  wares  at  the  1934  Engi- 
neering Open  House. 


Technocracks 


A  Comnumist  agitator  rode  into  a  cit\ 
park,  anil  after  leaning  liis  bicycle  against 
the  railing,  mounted  a  soap  ho\  and  ad- 
dressed the  crowd. 

"If  \our  family  is  hungr\,"  he  shout- 
ed, "raid  a  shop  and  take  food  for  them, 
:ind  don't  care  what  anybody  says.  If 
\our  wife  hasn't  a  coat,  take  the  best 
tur  coat  you  can  see,  and  ignore  the 
consequences.  " 

After  several  more  minutes  in  this 
t\pe  of  talk,  he  dismounted  from  the 
soap  box,  and  his  next  words  were 
"Where's  the  scoundrel  who  took  my 
bicycle?" 

Mrs.  Simpkins:  "Listen  to  me,  I'm 
^ick  and  tired  of  hearing  you  talk  about 
'my  car'  and  'my  furniture'  and  'my 
son.'  It's  getting  on  my  nerves  anil  \ou 
are  going  to  learn  to  say  'our.'  What  are 
you  looking  for  now  in  that  closet?" 
Mr.  Simpkins:  "( )ur  pants." 

Well  ue  know  you  all  aren't  two 
faced  or  you  wouldn't  go  around  wear- 
ing the  one  you  have  on  now. 

Lad\  :  "Could  you  please  tell  me 
where  I'll  find  some  silk  covering  for 
my  settee?" 

New  Floorwalker:  "Two  aisles  over. 
Ma'am,  for  the  lingerie  department." 


How  the  Railroads  Standardized 
Their  Track  Gages 

Standards  engineers  agree  that  pr(ibabl\-  the  most 
important  group  standard  ever  developed  in  the  L  .  S. 
was  the  railroad's  standard  track  gage  and  system  of 
interchangeable  brakes  and  couplings.  The.se  standards 
make  possible  the  interchangeability  of  rolling  stock  among 
virtualh    all    riiads   throughout    the   nation. 

Mo.st  of  the  early  .Ameiican  r.iil roads  had  their  own 
gages,  the  changeover  to  the  present  standard  gage  being 
made  about  the  time  of  the  Civil  War.  At  one  time 
President  Lincoln  issued  an  order  that  the  gage  should 
be  five  feet.  This  never  became  effective,  and  after  main 
consultations  between  the  roads  the  present  gage  of  4 
feet  tSj/.   inches  became  universal. 

This  standard  gage  is  used  m  Hritain,  the  U  .S., 
Canada,  and  most  of  Continental  Kurope.  India  and  most 
of  the  important  railroads  in  South  America  use  5  feet 
6  inches.  South  Africa  uses  3  feet  6  inches.  Australia 
has  never  adopted  a  standard  gage,  and  when  cargoes 
are  transferred  they  ha\e  either  to  be  reloaded  or  speci.al 
undertrucks  ha\e  to  be   used. 


Around  iht    /uiiiint   trtuk   indtiluil.   rank   <in   runk. 
The  army  of  iiunlierablc  Ituc. 

— .MEREDITH.  Lucifer  in  Starlight 
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How  to  Attract  and  Hold 
Eiigineehng 

TALENT 


edited  by  P.  E.  LaViolette 


The  foiloiii/ig  article  is  a  rcporl  nn 
"Executive  Research  Suri>ey  Nuriiher 
Three :  IJoiv  to  Attract  and  Hold 
Engineering  Talent."  The  survey 
uas  prepared  hy  the  Professional  En- 
gineers (conference  Board  for  Indus- 
try in  cooperation  iiith  The  National 
Society  of  Professional  Engineers. 

Aniericaii  iiuiiistry  again  this  \ear  is 
eyeing  college  campuses  across  the  na- 
tion for  the  \oung  man  who  soon  will 
he  tucking  that  new  engineering  degree 
under  his  arm. 

And  in  June  industr\  will  once  more 
he  vieing  for  his  talents,  making  him 
offers  the  fledgling  engineer  has  never 
hefore  received  in  history. 

This  is  a  rosy  outlook  for  the  \oung 
engineer,  but  it  has  a  "catch."  That  is 
that  some  graduates — a  sizeable  number 
to  be  sin'e — are  going  to  be  "oversold" 
by  eager  employers  on  what  the  rookie 
engineer  can  expect  on  his  first  job. 

When  the  "honeymoon"  is  over  a  lot 
of  engineers  will  find  themselves  bend- 
ing over  a  drafting  board  or  in  testing, 
analysis  or  computation  assignments. 
Then  they  may  start  wondering  why 
management  is  not  using  to  the  fullest 
the  talents  for  which  there  was  such 
frantic  bidding  only  a  few  months  he- 
fore. 

This  is  the  picture  given  by  engineers 
who  were  caught  up  in  a  similar  campus 
employment  rush  during  the  past  few 
years — a  picture  presented  in  a  report  to 
industry  on  "How  to  Attract  and  Hold 
Engineering  Talent,"  prepared  b\  the 
Professional  Hngineers  C  o  n  f  e  r  e  n  c  e 
Board  of  Industry. 

Today,  nearly  40  per  cent  of  em- 
ployed engineers  are  unhapp\  in  tlieir 
jobs,  the  report  shows,  and  many  of 
them  blame  their  discontent  on  the  fact 
they  were  "oversold"  by  industry  recruit- 
ers. 

On  the  other  side  of  the  picture,  are 
the  many  engineers  who  have  found  sat- 
isfaction in  their  jobs.  And  equally  sig- 
1  nificanr  is  tlie  wa\   in  which  a  wide  sec- 


tion of  iiidustr\'  is  doing  everything  at 
its  command  to  keep  the  engineers 
happy. 

What  the  engineer  thinks  of  his  job 
and  what  industry  thinks  of  the  engi- 
neer— a  story  which  may  go  far  toward 
achieving  sounder  understanding  be- 
tween the  two — is  revealed  in  the  report. 

This  report  is  based  on  a  survey  car- 
ried out  to  learn  how  management  can 
best  create  a  climate  in  which  its  engi- 
neers can  work,  happily  and  effectively, 
in  an  employee  capacity  while  still  re- 
taining professional  attitudes.  ]Vlore  than 
1,400  engineers  employed  in  industry 
and  more  than  200  employers  of  engi- 
neers— executives  of  companies  which 
carry  on  their  payrolls  more  than  1,000,- 
000  persons,  working  in  1,428  plants — 
participated  in  the  smvey. 

If  such  a  large  percentage  of  engi- 
neers aren't  happy,  what's  the  reason? 
Some  say  they  think  their  salaries  are 
too  low  and  some  blame  it  on  lack  of 
opportunity  for  advancement  offered  by 
the  employer. 

Of  significance,  liowever,  is  the  fact 
that  twenty-eight  per  cent  of  all  the  en- 
gmeers  queried — including  those  satis- 
fied with  their  jobs — indicated  some  col- 
leges are  not  training  them  adequately 
for  a  career  in  engineering.  And  a  large 
number  of  executives  agree.  Eightv'-eight 
per  cent  of  the  employers  felt  engineer- 
ing schools  arc  turning  out  graduates 
with  an  adequate  background  of  knowl- 
edge of  scientific  fundamentals,  hut  a 
majority  (62  per  cent)  believed  these 
newcomers  were  sorelv  dificient  in  other 
areas  of  studv'. 

Engineers  and  executives  alike  were 
agreed  on  where  these  deficiencies  la>. 
Thy  indicated  a  need  for  more  work  in 
English,  the  .social  sciences  and  business 
administration.  One  executive  put  it  this 
way:  "They  (the  engineers)  know  the 
engineering  principles  thoroughly.  Hut 
they  do  not  know  how  to  put  their  ideas 
into  words,  either  orally  or  on  paper." 

How  important  this  lack  of  adequate 
preparation  was  regarded  by  some  is 
clearlv    shown    in     the     survev     results. 


Those  who  pointed  to  a  poor  engineer- 
ing background  in  college  made  up  the 
hulk  of  the  group  which  expressed  dis- 
satisfaction with  their  lot  in  industry, 
particularly  as  regards  their  prospects  of 
future  adavanccment. 

The  vice  president  of  a  Philadelphia 
transportation  firm  probably  put  his  fin- 
ger on  the  problem  when  he  explained: 
"Too  many  of  our  engineering  schools 
have  become  so  overspecialized  as  to  be 
not  much  better  than  trade  schools.  " 

The  engineer,  like  the  doctor  and  the 
lawyer,  is  a  professional  man.  Profession- 
al status,  he  feels,  places  him  in  a  class 
certainly  above  that  of  the  ordinary 
skilled  worker.  But  what  about  his  pro- 
fessional attitude?  Here,  he  has  let  him- 
self down  and  he  alone  is  to  blame,  the 
executive  group  believes. 

Sixt\-two  per  cent  of  the  employers 
qu.stioned  said  they  thought  the  young 
engineers'  attitudes  are  unprofessional. 
In  one  plant  a  management  representa- 
tive complained  that  many  of  the  engi- 
neers do  not  think  of  themselves  as 
"working  for  the  company"  but  have  the 
attitude  that  the  companv',  as  one  put 
it,  "is  a  laboratorv'  operated  for  their 
own  special  benefit.  " 

In  his  own  defense  the  engineer  tosses 
the  blame  right  back  at  his  boss.  Twen- 
ty-nine per  cent  replied  they  did  not 
feel  their  companies  recognize  their  pro- 
fessional status.  They  resent  being  treat- 
ed "just  like  any  other  employee." 

Many  companies  have  recognized  the 
need  for  pointing  up  the  professional 
status  of  their  engineering  employees  and 
in  this  wav'  have  made  great  strides  in 
achieving  a  common  ground  of  under- 
standing. For  example,  they  encourage 
their  engineers  to  accept  membership  in 
professional  ,':ocieties  and  participate  in 
technical,  cultural  and  civic  activities, 
both  for  the  professional  growth  and  so- 
cial contentment  of  the  engineer  and 
for  the  public  relations  benefits  which 
accrue  to  the  companv'  from  such  activ- 
ity. 

A  common  complaint  among  many  en- 
gineers questioned  in  the  survev  is  that 
they  don't  know  where  they  "stand" 
with  the  companv.  This,  they  believe, 
eliminates  a  basic  feeling  of  security  on 
which  so  much  emphasis  must  be  placed. 

Both  the  executives  and  the  engineers 
were  asked  if  the  latter  were  kept  cur- 
rently informed  of  their  personal  progress 
within  the  companv'.  Eightv-five  per  cent 
of  the  executives  answered  in  the  affirm- 
ative, but  fifty  per  cent  of  the  engineers 
said  "no."  Proof  that  the  engineering 
employee  wants  such  a  progress  report 
is  the  fact  that  more  than  three-fourths 
indicated  a  desire  for  a  merit  rating 
svstem. 

It  was  made  quite  clear  that  some- 
thing should  be  done,  and  quickly,  about 
the  curriculums  of  main  ot  our  engi- 
neering schools  .  .  .  that  engineers  should 
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be  rcc|iiirf<l  to  iarr\  moic  I!ngli\li,  and 
social  stiKllcs  aiul  the  "liijnianitii's"  .  .  . 
that,  ill  short,  those  schools  which  ha\c 
nanowfd  their  cuiiiculuiiis  to  exclude, 
or  dismiss  with  a  modicum  of  attention, 
nearly  everything,  apart  from  purely  vo- 
cational work,  had  better  start  turninii 
out  not  merely  enjiineers.  but  educated 
engineers. 

Needs  which  were  indicited  in  the 
report   are: 

1.  Re.idjustment  of  salary  .scales  to 
prox  ide  more  equitable  compensation  for 
the  engineer  who  has  been  in  industr\ 
for  .1  number  of  years  and  who  now 
finds  that  the  pay  raises  aren't  coming  .is 
fast  as  might  have  been  indicated  h\  the 
fat  starting  salaries. 

2.  A  new  approach  to  campus  recruit- 
ing, with  a  more  realistic  presentation 
of  the  industrial  facts  of  life  to  the  job 
candidate,  who  today  frequently  is 
"o\ers()ld  "  on  the  job  and  soon  loses  in- 
terest because  it  doesn'r  come  up  to  t'\- 
pectations. 

.>.  Diffeientiation  in  per.sonnel  poli- 
cies as  they  apply  to  engineers  and  to 
non-professional  employees.  ( Si\t\'  per 
cent  of  the  emplovers  said  they  tre.itcd 
all  employees  the  same. ) 

4.  Encouragement  b\  management  of 
engineer  participation  in  such  prestige 
activities  as  writing  and  lecturing  on 
technical  subjects  and  participation  in 
professional  societv  and  communit\'  af- 
fairs. 

5.  Improvement  of  engineer-manage- 
ment communications,  both  upward  and 
downward,  as  recommended  in  Execu- 
tive Research  Sinvey  Number  One: 
"How  to  Improxe  Engineering-Manage- 
ment Communications." 

6.  Increased  employment  of  support- 
ing, sub-profe.ssional  personnel  fin'  rou- 
tine assignments  to  relieve  engineers  for 
purely  engineering  work,  as  recommend- 
ed in  Executive  Research  Sinvev  Num- 
ber Two:  "How  to  Improve  L'tili/a- 
tion  of  Engineering  Manpower." 

7.  Increased  activity-  on  the  part  of 
the  professional  societies  towards  the 
stimulation  of  professional  attitudes  not 
onl\-  among  their  own  membership  but 
among  all  engineers. 


DOfl'T  fiflP TO 

umimm-r 
ITS  m 


MY  BOSS 


(5^ 


The  Engineer  Says 

.'VvcraKe    af;c 35   vf.irs 

.•Xvcrage    length    of    time    employed    hy 

company    6-8  years 

-Avtriifie  length  of  time  in  engineering 

profe>sinii      9  years 

1.  Ho  yon  feel  now  that  your  collegi- 
;itr  training  prepared  you  adeqnatc- 
1\    for   an   engineering  career.'' 

VES    ; 72% 

NO    2%'/< 

2.  Are  you  satisfied  with  your  present 
job  w  ith   rispe,  t  to 

:i.   Salar\' 

VES    55',; 

NO    45  'A 

li.   Prospects 

VES    (,6'A 

NO    34% 

c.  Nature   of   work 

VES    84% 

NO    16% 

d.  Working  conditions 

VES   83% 

NO   17% 

e.  Location  of  work 

YES   87% 

NO   13% 


The  Executive  Says 

Type  compan\  executives  answering: 
a.  Heavy  industry  (steel,  etc.)  7% 
li.   Manufacturing    48% 

c.  CJovernmental  services  8% 

d.  Public   utilitv  6% 

e.  Other   31% 

1.  Oo  you  feel  that  engineers  ynu  em- 
ploy directly  frcm  colleges  have 
ade(|uate 

a.  Knowledge    of    the    fundamentals 
of  the  engineering  science? 

VES    88% 

NO    12% 

b.  Professional   attitudes 

VES    : 38% 

NO   62% 

2.  Does  your  company  offer  special 
training  programs  to  fit  ycur  jun- 
ior engineers   for  better  positions? 

VES    45% 

NO   55% 

3.  Hoes,  your  company  make  any  dis- 
tinction between  procedures  apply- 
ing to  engineers  and  those  for  non- 
professional   emplovees? 

^  Es  .■ 40% 

\0    60% 

4.  Does  your  company  keep  its  engi- 
neers informed  of  their  personal 
progress     as     well     as    nf     their     de- 


3.  Ho  yiiii  teel  vciur  cunipany  is  mak- 
ing effective  use  of  your  training 
and  ability? 

VES 62% 

NO    38% 

4.  Are  you  kept  informed  of  your  per- 
sonal progress  in   vour  job? 

YES '.. 49% 

NO   51% 

5.  In  which  of  the  following  "prestige" 
activities,  if  any,  dees  your  com- 
pany encourage   you   to   participate? 

a.  Writing   for  technical 
publications     24% 

b.  Teaching   or    lecturing    on    engi- 
neering   subjects    16% 

c.  Participating   in   community 
affairs    .'....38% 

d.  Participating    in    professional    so- 
cietv   activities    54% 

e.  Other    6% 

6.  Which  of  the  following  best  des- 
cribes the  nature  of  your  job? 

a.  Entirely  engineering  activity  37% 

b.  Partlv     non-engineering     activity. 
What    part?    41%    60% 

c.  Wholly   non-engineering 
activity    3% 


ficiencies  ? 

'I'ES    85% 

NO    15% 

5.  Which  of  the  following  "profession- 
al prestige"  activities  does  your  com- 
pany encourage  its  engineers  to  par- 
ticipate in  ? 

a.  \\'riting   for   technical 
publications    26% 

b.  Teaching    or    lecturing    on    engi- 
neeri[ig    subjects    16% 

c.  Other    2"r 

d.  Participation   in   community 
affairs    24' v 

e.  Participation    in    professional    so- 
ciety   activities  32%f 

6.  .Among  those  engineers  who  have 
left  the  employ  of  your  company 
within  the  last  two  years,  what,  in 
\our  opinion,  were  the  chief  causes 
of  their   dissatisfaction? 

a.  Insufficient    salary    33% 

b.  Lack  of  professional 
recognition     9'/r 

c.  Boredom  with   routine  work   11% 

d.  Lack   of   opportnunitv   for 
steady  advancement  12% 

e.  Feeling   of   insecurity   7% 

f.  Location  of  work  14% 

g.  Personality    clashes    14% 
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TWO   MORE  WAYS  TO   CLI 
THE   GM   JOB   LADDER 


hen  considering  your  first  engineering  job- 
ask  yourself  this: 

What  kind  of  person  am  I?  The  kind  of  person 
who  likes  to  invent  things— or  design  them? 

The  kind  who  likes  to  be. in  on  the  birth  of  an 
idea?  Or  the  kind  who  likes  to  meet  the  challenge 
of  new  designs,  new  inventions,  new  ideas  —  by 
figuring  out  how  to  build  them  in  quantity  at  a 
price  to  make  them  available  to  the  greatest 
number  of  people? 

For  —  the  first  type  is  bound  to  be  happiest  as  a 
Product  Engineer;  the  second  as  a  Production 
Engineer. 

In  Product  Engineering,  GM  offers  you  a  success- 
ful career  whether  your  interest  lies  in  automo- 
tive or  Diesel  engineering,  design,  fuel  and 
plastic  research,  or  creating  new  beauties  of 
motorcar  styling. 

In  Production  Engineering,  GM  also— as  has  been 
proved  by  its  success  in  mass  production  of  fine 
products— is  a  leader  in  manufacturing  processes 


and  production  techniques,  with  all  the  fine 
career  opportunities  that  this  implies. 

And  the  same  goes  if  you  have  your  sights  fixed 
on  Research,  the  exciting  hunt  for  knowledge  in 
the  field  of  applied  science  —  or  if  you're  contem- 
plating a  career  in  Plant  Engineering,  the  plan- 
ning, developing,  installing  and  maintaining  of 
GM  plant  equipment  and  services. 

Yes,  there  are  all  kinds  of  opportunities  for  the 
graduate  engineer  w  ho  has  what  it  takes  to  climb 
the  GM  job  ladder. 


GM    positions   now   available 
in  these  fields: 

MECHANICAL  ENGINEERING 
METALLURGICAL  ENGINEERING 
CHEMICAL  ENGINEERING 
ELECTRICAL  ENGINEERING 
INDUSTRIAL  ENGINEERING 
BUSINESS  ADMINISTRATION 


GENERAL    MOTORS    CORPORATION 

Personnel  Staff,  Detroit  2,  Michigan 
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Jimmy  Wright  goes  up  for  a  hook  shot  during  the  Iowa  gome 


Hero  Wright  is  hoisted  by  his  teo 


Coach  Combes  sweats  it  out  in  huddle 


OOPS!  That's  not 


— Pholns  by  Frank  Slept 


(lagers 


htes  after  the  Wisconsin  game 


of   our   boys! 


\nJ   Tu(kir  Xason 


Everyone  is  tense  while  Captain   Kerr  shoots  his  second  free  throv 


Don't  fight,  Mokovsky's  got  the  ball! 


NEEDED-'-      *  NEW  approach! 


McDonnell  engineers  have  again  demonstrated  their 
pioneering  spirit.  The  problem — how  to  land  a 
speedy,  transonic  airplane — normally  requiring  a 
mile  or  more  of  runway — in  the  short  space  avail- 
able on  an  aircraft  carrier  deck.  This  is  but  one  of 
the  many  complex  problems  successfully  solved  by 
M.  A.  C.  engineers  in  developing  the  new  Navy 
F3H  Demon,  now  in  production. 

Youthfulness  is  another  characteristic  of  this  pro- 
gressive engineering  team,  the  average  age  being 
under  thirty.  Engineering  graduates  find  working 
with  men  of  their  own  approximate  age  group 
greatly  facilitates  getting  acquainted  and  gaining 
that  "feeling  of  belonging"  more  quickly. 

If  you're  lookino;  for  our  type  of  enginccrinu; — 
we're  looking  for  you.  Check  your  Placement 
Office  for  dates  when  our  representative 
will  visit   your  school.  Ask   him   about   the 

McDonnell  Graduate  Study  Plan. 
You  may  also  write  to: 

Technical  Placement  Supervisor 
Box  516,  St.  Louis  3,  Missouri 


VERNON  E.  NKIIILRION 
Design  Engineer — Airplane  Division 
B.S..\.E.  U.  OF  Illinois  1947 

\'crnon  had  a  fresh  approach  to  the  prob- 
lem of  landing  high-speed  jet  aircraft  on 
carrier  decks  and  was  responsible  to  a  large 
degree  for  an  improved  landing  hook  now 
being  used  on  McDonnell  airplanes. 

Starting  his  engineering  career  "on  the 
board"  as  a  Draftsman  in  1947,  Vernon  is 
now  a  key  member  of  a  design  group  con- 
cerned with  the  F-101   Voodoo  airplane. 

If  your  interests  lie  in  the  field  of  airplane 
development,  a  challenging  career  awaits 
you  at  McDonnell.  We  need  more  young 
men  like  \'ernon  Netherton — engineers  with 
a  ne:c  apprnath. 


BUILD  YOUR  FUTURE  WITH  A  COMPANY 


MCDONNELL 


YOUNG  IN  YEARS,  YOUNG  IN  SPIRIT  AND  IDEAS 


-y^a/?tu/acA(/ie/id 


Otd&07t 


AIRPLANES  ANOC/^HELICOPTERS  *  StLOUIS   3,MQ 
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HOW 

HERCULES 

HELPS... 


Hercules'  business  today  helps  almost 
everyone's  business.  It  embraces  the 
production  of  synthetic  resins,  cellulose 
products,  chemical  cotton,  terpene 
chemicals,  rosin  and  rosin  derivatives, 
chlorinated  products,  and  many  other 
chemical  processing  materials — as  well 
as  explosives.  Through  close  cooperative 
research  with  its  customers,  Hercules 
has  helped  improve  the  processing  or 
performance  of  many  products. 


r.i|jri  icmcU  aliMJiii  more  moisture  without  falling  apart  when  Hercules  Kymene* 
resins  are  aililed  in  manufacture.  These  resins,  a  feAV  of  many  of  Hercules'  varied 
papermaking  chemicals,  help  improve  many  other  types  of  wet-strength  papers 
and  panrrhoard.  including  map  paper.  V-board,  and  hag  papers. 


r 


TO  IMPROVE  AUTOMOBILE  FINISHES 


,^\m\l  and  asphah-type  floor  tiles  are 
[irncessed  with  Neolyn®  or  Mastolvn® 
lesins  to  give  them  ""built-in"  resist- 
ance to  both  grease  and  alkalies,  while 
lowering  manufacturing  costs. 


baccjuer  made  with  mlrijcclbildse  and 
other  Hercules  ingredients  gives  more 
and  more  cars,  trucks,  and  buses  their 
lustrous,  longer-lasting  beauty.  No 
other  finish  dries  so  fast. 


HERCULES 


HERCULES  POWDER.  COMPANY  Wilmington  99,  Delaware 

Sales  Offices  in  Principal  Cities 


t 
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There's  More  to  it 

than 

POTS! 

by  Viclor  J.  Tennery,  Cer.  E.  '54 


The  purpose  of  this  article  is  to  ac- 
quaint the  reader  with  the  nepartiiient 
of  Ceramic  Engineering  and  its  forth- 
coming role  in  the  Kngineering  Open 
House.  A  numher  of  people  here  on  the 
campus  are  only  vaguely  acquaintcil  with 
the  term  "ceramics,"  and  cNcn  less 
familiar  with  the  curriculum  of  Ceramic 
Engineering.  It  is  sincerely  hoped  that 
the  following  will  somewhat  enlighten 
said  people. 

.Although  ceramic  education  at  the 
L'niversity  of  Illinois  owes  its  origin  to 
a  plan  originated  and  formulated  in 
1S94  by  Geology  Professor  Charles  Wis- 
ley  Rolfe,  a  bill  authorizing  the  Depart- 
ment of  Ceramics  was  not  pa.ssed  until 
December  10,  1905.  It  was  conceived 
with  the  ideal  that  "the  best  preparation 
for  the  management  of  large  ceramic 
interests  is  not  to  be  found  in  the  factory 
or  in  the  yards,  but  in  the  .school  with 
courses  and  equipment  especially  adapt- 
ed to  the  purpose,  and  under  instructors 
with  broad  training." 

The  work  in  ceramics  was  started  at 
once,  and    for  the   academic   \ears    lOOS- 


10,  courses  in  ceramics  and  ceramic  en- 
gineering were  given  under  the  direc- 
tion of  the  Department  of  Geology  in 
th?  College  of  Science.  From  1910  to 
1913,  the  courses  were  under  the  direc- 
tion of  a  separate  Department  of  Cer- 
amics, also  in  the  College  of  Science. 
Since  Sept.  1915,  however,  the  work 
has  been  administered  by  the  Depart- 
ment of  Ceramic  Engineering  in  the 
College  of  Engineering.  At  the  present 
time,  the  faculty  is  under  the  adminis- 
tration of  Dr.  A.  I.  Andrews,  head  of 
the  department. 

In  1915-lC),  the  present  Ceramic 
Building  on  (  looilwin  A\  enne  was  con- 
structed. 

The  department  is  well  equipped  to 
perform  research  and  development  in  all 
phases  of  ceramic  technology,  such  as  re- 
fractories, glass,  porcelain  enamels,  elec- 
trical porcelain,  abrasives,  all  types  of 
whitewares,  and  structural  clay  products. 

Some  of  the  more  specialized  equip- 
ment particularly  necessary  for  this  com- 
prehensive research  include: 

X-ra\'    ei]uipment:    X-ray    units    ;ind 


The  Ceramics  Building  on  Goodwin  Ave. 


One  of  the  rotary  smelters  used   in 
making  experimental  frit  batches. 

au\iliar\  equipment  make  X-ra\'  studies 
possible  at  room  temperature  and  at  tem- 
peratures up  to  2900° F.  This  is  one  of 
the  few  laboratories  equipped  to  carry 
out  .\-ray  studies  at  elevated  tempera- 
tures. 

Sonic  apparatus  for  the  determination 
of  the  elastic  moduli  of  ceramic  mater- 
ials: This  unit  is  used  to  induce  and 
measure  the  resonant  frequencies  of  cer- 
amic specimens  of  diversified  shapes  and 
sizes. 

Quenching  furnace  for  high-tempera- 
ture phase  equilibrium  studies:  This  fur- 
nace is  used  to  heat  small  specimens  to 
temperatures  as  high  as  4200' F.  in  a 
vacuum,  or  in  reilucing  or  neutral  at- 
mospheres. 

Fatigue  testing  apparatus:  The  fatigue 
strength  and  fatigue  life  of  various 
metals  are  determined  by  subjecting  a 
suitably  designed  specimen  to  cycles  of 
completely  reversed  stress. 

High-temperature  furnace  for  firing 
small  specimens  in  various  atmospheres: 
This  type  of  furnace  is  used  to  fire  com- 
positions containing  carbides,  nitrides,  or 
borides  which  would  be  readily  oxidized 
at  high  temperatures  in  a  normal  at- 
mosphere. It  is  also  used  to  fire  metal- 
ceramic  bodies  when  special  atmospheres 
are  required. 

Flame  photometer:  I  he  flame  pho- 
tometer is  used  for  the  rapid  determina- 
tion of  sodium,  potassium,  and  other 
ions  in  solution  and  is  particularly  \alu- 
able  for  the  determination  of  alkalies 
in  ceramic  materials. 

Thermal  analssis:  This  apparatus  is 
designed  such  that  a  substance  as  a  clay 
mineral  can  be  placed  in  a  furnace  be- 
side ,-1  neutral  bod\  (  usiialK'  alumina) 
and  heated  at  a  uniform  rate  so  that 
temperature  differences  can  be  detected. 
The  temperatures  at  which  these  differ- 
ences occur  are  important  in  identif\ing 
substances  in  mi.xtures. 

For    measuring    the    liquid     tempera- 
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turc  of  a  kI'Iss,  a  dual  gradient  platinuiii- 
ufHiiid  resistance  furnace  is  used.  Spe- 
cial equipment  has  also  been  constructed 
to  prepare  and  test  small  glass  rods  in 
tension. 

A  specially-  designed  "Globar"  melt- 
ing furnace  is  used  to  melt  experimental 
glass  batches.  This  furnace  is  unique  in 
that  the  crucible  containing  the  glass 
ir.elt  is  rotated  constantly  to  promote 
homogenity. 

Other  major  research  facilities  in- 
cluded   microscopy   equipment,   which   is 


In  cooperation  with  the  Department 
of  Ceramic  Kngineering,  the  Porcelain 
Knamel  Institute  conducted  its  first 
Shop  Practice  Fonun  in  May,  1937.  De- 
signed as  a  meeting  for  enamelers  to  dis- 
cuss the  practical  aspects  of  industrial 
porcelain-enameling,  the  first  forums 
were  so  successful  that  they  have  be- 
come an  important  annual  meeting,  held 
alternativeh'  on  the  campuses  of  the 
L  niversity  of  Illinois  and  Ohio  State 
I  niversity.  The  proceedings  of  the  for- 
ums  have    proved    to    be    an    important 


Kiln    House   Laboratory 


used  extensively  to  stud\'  composition, 
structure,  and  optical  properties  of  ma- 
terials, and  thermal  expansion  apparatus 
such  as  interferometers  and  dilatometers. 

Only  some  of  the  department's  main 
research  equipment  has  been  described, 
these  being  supplemented  by  much  other 
laboratory  equipment,  and  semi-plant  in- 
stallations. 

The  first  work  in  ceramics  was  given 
under  the  administration  of  Professor 
C.  W.  Rolfe,  the  originator  of  the 
plan.  He  served  as  general  director  from 
1'^(IS-1().  Succeeding  him  in  that  posi- 
tion to  the  present  day  were  Dr.  Ross 
(."iiffin  Purd\-,  Albert  V^ictor  Bleininger, 
Roy  Thomas  Stidl,  Ralph  Kent  Hursh, 
I'l'.  EdnuMui  Wight  Washburn,  CuUen 
Warner  Parmelee,  and  Andrew  lr\ing 
\ii(lrews,   respectively. 

In  !')1.5,  Dr.  Bleininger  organized  the 
tiivt  of  a  series  of  short  courses  and 
'inferences  for  men  in  the  structural 
•  la\  products  industry.  At  present,  the 
I  iinfercnce  is  an  annual  two  day  affair 
"t  interest  and  value  to  those  concerned 
with  production  and  control  problems 
in  the  manufactme  of  structural  cla\ 
products. 

Professor  Parmelee  initiated  the  Con- 
ference on  (ilass  Problems  in  1934,  with 
the  expressed  purpose  of  taking  up  prob- 
lems in  the  industry.  It  has  traditionalh 
appealed  for  the  most  part  to  operating 
and   plant  people. 


contribution  to  the  iwrcelain-enamel  lit- 
erature. 

Research  projects  have  been  sponsored 
in  co-operation  with  the  Enameled  L  ten- 
sil  Manufacturers'  Council  and  with  the 
Power  Plant  Laboratory  of  the  Air 
Force. 

This  program  was  conceived  in  an  ef- 
fort to  find  materials  with  which  to  re- 
place alloys  containing  critically  short 
metals  and   to  develop  materials  which 


can  be  used  to  contain  temperatures  in 
excess  of  those  now  possible  in  aircraft 
applications. 

Augmenting  the  instructional  and  re- 
search program  of  the  department,  are 
the  research  investigations  carried  on  in 
the  Engineering  Experiment  Station. 

Hy  this  time,  it  is  hoped  that  the  read- 
er has  a  little  better  concept  of  the  aims 
and  accomplishments  of  the  department. 
Some  of  the  equipment  described  besides 
various  displays  of  products  of  the  cer- 
amic industry  will  be  on  exhibition  dur- 
ing the  (^pen  House.  Demonstrations  of 
the  operation  of  the  equipment  will  be 
'j:i\en  periodically  during  the  Open 
i  louse  hours.  Also,  souvenirs  prepared 
hy  the  students  of  the  department  will 
be  distributed  to  the  public. 
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Students  using  the  photomicrograph 
equipment. 


Zoo  Visitors:  "Where  are  the  mon- 
keys?" 

keeper:  "The\'re  in  the  back,  mak- 
ing love." 

Visitor:  "Would  they  come  out  for 
some  peanuts?" 

Keeper:  "Would  you?" 
*      *      * 

A  \er\'  rich  deposit  of  oil  was  dis- 
covered on  the  farmer's  land.  Immedi- 
ately he  rushed  in  to  town  to  purchase 
a  new  car.  An  obliging  salesman  showed 
him  a  sleek   roadster  selling  for  $5,000. 

"I  am  prepared  to  pay  cash,"  said  the 
farmer.   "Will   I  get  a  discount?" 

"Why  certainly,"  replied  the  sales- 
man. "We  will  give  you  a  10';  dis- 
count on  a  cash  purchase.  " 

Not  being  confident  of  his  ability  as 
a  mathematician,  the  farmer  said  he 
would  think  it  over  and  return  later. 

He  walked  into  a  restaurant  and  over 
his  coffee  tried  to  figure  what  his  dis- 
count would  be,  but  to  no  avail.  Final- 
ly, in  desperation  he  turned  to  the  wait- 
ress and  asked,  "If  I  gave  you  10'/^.  of 
$S,000  how  nuich  would  you  take  off?" 

Blushing  prettily,  the  \\aitress  whis- 
pered, "Would  my  earrings  bother 
>ou  ?  " 

*        *        » 

"What  are  vou  in  jail  for  this  time, 
Mike?" 

"Fer  nundin'  nn  own  business,  yer 
Honor.  " 

"Come,  come  now;  you  must  have 
been  shoplifting  or  something." 

"Well,  that's  niy  business." 

A  hiisb.ind  went  out  with  the  hoys 
one  rught,  and  before  he  realized  it  the 
next  da\  had  already  dawned.  He  hesi- 
tated to  call  his  wife,  hut  finally  hit 
upon  an  idea. 

"I'm  back!"  he  shouted  into  the 
phone.  "Don't  pay  the  ransom!" 
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How  Business  Uses 

IBM's  Great  Electronic  "701" 

for  Data  Processing 


This  giant  computer,  located  in  IBM's  main 
New  Yorlv  office,  is  one  of  12  already  in  use. 
It  has  been  working  at  top  speed  from  16  to 
24  hours  a  day  ever  since  it  was  installed. 

It  ha.s  been  solving  business  and  scientific 
problems  requiring  as  little  as  one  minute  of 
machine  time  and  as  much  as  50  hours. 

Its  versatile  abilities  have  been  put  to  work 
at  everything  from  allocating  departmental 
costs  for  a  bank  to  calculating  design  specifica- 
tions for  heavy  industry. 

It  has  helped  a  petroleum  company  blend 
its  gasolines  and  figured  out  a  multi-million 
dollar  annual  budget  for  a  complex  supply 
operation. 

Perhaps  of  even  greater  significance  and 
promise  is  the  machine's  successful  solving, 
through  linear  programming,  of  highly  complex 


business  problems  using  the  new  techniques  of 
operations  research. 

In  the  solution  of  the  wide  variety  of^)roblems 
suited  to  its  great  capacity,  the  "701"  does  the 
job  with  tremendous  savings  in  time  and  money 
for  its  users. 

How  Science  Uses  the  "701" 

Here  are  a  few  of  the  many  scientific  problems 
the  "701"  has  helped  solve: 

•  Analysis  of  the  structure  of  the  atom 

•  Molecular  energy  levels 

•  Oil  reservoir  calculations 

•  Magneto-ionic  refractions 

•  Trajectory  calculations 

•  Reactor  design 

•  Seismic  wave  calculations 


These  eleven  connected  units  are  known  as  the  IBM  Type 
701  Electronic  Data  Processing  Machines.  The  average 
age  of  the  engineers,  physicists,  mathematicians  and 
technicians  who  developed  and  designed  these  machines, 
which  embody  the  latest  advances  in  electronic  computing 
circuitry  and  high  speed  mechanisms,  was  28. 


If  you  are  interested  in  a  technical  or  non-technical  ex- 
planation of  how  the  "701"  operates,  the  IBM  staff  at 
590  Madison  Avenue,  New  York  City,  would  welcome 
your  visit.  Visiting  hours  are  from  10:00  A.M.  to  4:00 
P.M.  daily  except  Saturdays,  including  Spring  and  Sum- 
mer vacation  periods. 


IBM 


International  Business  Machines 

590  Madison  Avenue,  New  York  22,  N.  Y. 


Principal  enginerriiig  laboratories  and  manu- 
facturing operations  are  at  Endicott  and  Pougli- 
keepsie,  New  York  and  San  Jnsc,  CaUfornia. 
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{M  wi\mmm\ 


by  Dave  Templeton 
FAA  '55 


I  had  just  finisheei  m\  eight  o'clock 
class  and  left  behind  a  heated  debate 
with  an  instructor  who  had  different 
ideas  than  I.  Desiring  to  cool  off,  1 
headed  for  the  shore  of  our  beautiful 
Hone  Creek  which  flows  through  the 
L'arden  spot  of  the  United  States,  other- 
uiM'  i'.nown  as  Champaign-L  rbana. 
i'lLihtiiig  ni\  way  through  the  thick 
wilds  which  border  the  creek  (behind 
the  Piiysics  Lab),  I  heard  some  noise 
which  I  had  never  encountered  before. 
I'd  lieard  strange  noises  uttered  by  new 
treshnien  ("What's  so  tough  about  Illi- 
nois? I'll  knock  'em  dead  here")  and 
I  had  come  to  accept  the  grunts,  groans 
and  maniacal  screams  of  the  seniors  .  .  . 
the  mutilated  masses  of  humanity  who 
have  been  around  here  for  four  years. 
Hut  this  sound  was  very  different. 

Snapping  my  way  past  the  last  bush, 
I  came  onto  the  banks  of  the  Boneyard 
and  there  across  the  water  sat  a  little 
guy  who  looked  something  like  an  In- 
dian. Now  I've  never  seen  a  real  In- 
dian before.  There's  a  fella  here  who 
gits  dressed  up  in  a  crazy  outfit  and 
jumps  around  at  football  games  and 
they  tell  me  he's  Chief  Illiniwek  .  .  . 
^ymb()I  of  the  Fighting  Illini.  Hut  I  had 
to  admit  that  this  little  indi\idual  looked 
for  real. 

He  looked  as  though  he  was  really 
enjoying  himself.  Just  relaxing,  sitting 
on  some  old  T.A.M.  and  Trig,  books 
and  fishing  away,  as  if  he  didn't  ha\c 
a  care  or  an  eight  o'clock  class  in  th.e 
world. 

He  looked  up  and  I  waved  and  smiled 
at  him.  He  waved  back.  The  kid  must 
have  been  new  around  these  parts  be- 
cause he  lacked  any  fear.  The  last  time 
anyone  smiled  and  beckoned  to  me,  I 
ended  up  being  signed  into  Saturda\ 
classes. 

Wishing  to  meet  someone  wlio  had 
been  untarnished  by  campus  life,  I 
looked  around  to  find  some  way  of  get- 
tmg  across  the  tremendous  expanse  of 
water.  My  shoes  and  socks  were  too  val- 
uable. If  I  bent  over  to  take  them  off, 
I'd  never  straighten  up  again  .  .  .  two 
and  a  half  years  on  this  campus  does 
that  to  a  guy.  Suddenly,  realizing  I  had 
some  books  in  m\-  hand,  I  threw  them 
in  to  use  them  as  stepping  stones.  After 
all,   what   are   they   good    for   except   as 


door  stops  and  stepping  stones  across  the 
Boneyard  ? 

Sitting  down  next  to  him,  and  having 
gotten  closer  now,  he  looked  rather  fa- 
miliar. 

"Haven't  I  seen  \ou  some  place  be- 
fore?" I  asked  in  m\  typical  original 
fashion. 

"Yeah.  You  probably  saw  me  on  the 
cover  of  the  (October  issue  of  the  Tcch- 
nograph." 

"Yeah,  that's  where.  But  you  don't 
talk  like  an  Indian.  No  'um's'  on  the  i;\\i\ 
of  your  words.  " 

"Oh,  that.  Look.  How  many  stories 
have  you  read  and  how  many  programs 
have  you  heard  with  the  Indians  talk- 
ing like  a  bunch  of  uneducated  jerks?" 

"Just  about  all  of  them,"  I  answered, 
closing  my  mouth,  hoping  he  hadn't 
noticed  my  tourist  expression. 

"Okay.  You're  talking  to  a  little  In- 
dian who's  been  around.  Sort  of  a  B.  I. 
O.  C. ;  big  Indian  on  campus.  But  I'm 
staying  awa>'  from  these  crazy  college 
kids.  They're  the  most  vmcivilized 
civilized  people  you'll  e\er  run   into." 

"Even  art  students?" 

"Even  art  students."  He  e\ed  me 
suspiciously 

"But  I'm  staying  around  because  the 
boys  over  at  the  Tech  office  want  me 
for  pictures  to  put  in  their  mag.  Now 
I'm  not  doing  this  to  build  up  m\  ego. 
It's  just  that  we  Indians  are  fading 
from  the  American  scene  and  I'm  tr\'- 
ing  to  give  us  a  little  publicity." 

Noticing  my  dampened  books  bobbing 
in  the  watei',  he  retrieved  them  before 
I  could  let  them  float  downstream.  He 
started  a  fire  with  a  strange  looking 
object,  in  order  to  get  the  books  dried 
out. 

"Hut  to  be  trank  with  you,"  he  con- 
tinued,   "the    boys    haven't    been    giving 


me  much  space  since  the  October  issue. 
I've  been  thinking  of  moving  on  to  hap- 
pier hunting  grovnids  .  .  .  publicitv- 
wise.  " 

"But  you  can't  do  that,"  I  protested. 
"And  why  can't  I  ?"  he  said,  straight- 
ening up  to  his  full  three  feet  anil 
throwing  me  a  glance  that  backed  me 
into  the  Boneyard.  My  valuable  shoes 
aid  socks  were  ruined. 

"1  heard  the  fellas  at  the  Tech  of- 
fice say  that  they  were  going  to  official- 
ly use  you  as  their  mascot  .  .  .  their 
svnibol."  His  feather  jumped  a  few 
inches  at  this.  "And  to  top  that,  thev' 
want  vou  to  be  at  their  booth  at  the 
ENCilNEERINO  OPEN  HOUSE." 
I  managed  to  sav'  the  last  two  words  in 
caps. 

"Well  this  puts  a  nvw  slant  on 
things,"  h.e  said,  checking  his  protractor. 
"You'll  stay?"  I  asked,  putting  as 
much  of  a  pleading  tone  into  my  voice 
as  I  could  since  my  benzedrine  tablets 
were  beginning  to  wear  off. 

"Sure,  if  the  boys  can  use  me." 
"By  the  way,  what's  your  name?" 
"Chief  Tech-i-engi-graph.  " 
"Without  the  'um'  on  the  end?" 
"Without  the  'um'  on  the  end." 
My  books  were  dr\  and  I  picked  them 
up. 

"Well,   I'm    glad    we're   going   to   see 
more  of  you.  Chief." 
"Me  too,  Dave." 
"How'd  you  know  my  name?" 
"You  forgetting  your  name  and  iden- 


A  member  of  Alpha  Phi  Omega. 

tification  numhei'  the  umversitv  stamped 
across  your  forehead  ?  " 

"Oh  yeah,"  I  laughed  sheepishlv,  put- 
ting m\-  hand  to  mv'  head  to  cover  the 
hole   tliat  was  theie. 

He  waved  good-bye.  1  waded  into  the 
Bonevard  and  started  across.  I  stooped 
and  dipped  my  books  in  the  water.  After 
all.  how  interesting  can  a  dry  book  be. 
.anywav'  ?  I  sloshed  onto  the  south  bank 
and  headed  for  mv  nine  o'clock  class. 
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Aviation 
Noise 


by  Gene  Bold 
Aero  '55 


TIk"  physical  causes  of  sounds  arc 
well  known  to  scientists  today.  Most 
sounds  can  be  classified  into  two  groups: 
those  that  can  be  heard  by  the  human 
ear  and  those  that  can't.  Further  classi- 
fication of  audible  sounds  would  list 
those  that  vibrate  harnionioush  and 
those  that  don't.  By  the  term,  harmon- 
ious, I'm  referring  to  sounds  below  the 
painful  stage  and,  in  the  case  of  more 
than  one  pitch,  vibrating  in  the  same 
phase.  These  sounds  are  usually  pleas- 
ing to  hear,  and  music,  bells,  conversa- 
tion, etc.,  are  examples.  The  human  ear 
can  detect  sounds  ranging  up  to  one 
hundred  seventy  decibels.  This  marvel- 
ous power  leads  to  its  own  difficult), 
for  the  range  of  painful  sounds  lies 
well  below  17U  decibels.  Sounds  that 
vibrate  with  intensities  and  volumes 
that  cause  pain  to  the  listener  are  com- 
mon. The  siren  is  an  excellent  example 
of  a  device  used  as  a  warning  becau.se 
of  the  sound  emitted.  It  is  unfortunate, 
but  there  are  many  other  devices  that 
act  as  sirens  because  of  the  similarity 
of  their  operation.  The  turbine  of  a  jet 
engine,  the  propeller  of  a  reciprocating 
engine,  and  the  turbine  of  a  siren  all 
have  the  same  result.  They  produce 
sounds  which  because  of  their  intensit\ , 
can  be  classified  as  noise. 

These  audible  sounds  and  the  ones 
above  the  perceptive  range  of  the  human 
ear  are  subjects  of  much  research.  The 
full  scope  of  their  power  has  yet  to  be 
revTaled.  It  is  known,  however,  that 
they  have  definite  physical  and  psycho- 
logical effects  on  those  that  must  toler- 
ate them.  Definite  cases  of  a  disease 
known  as  "sonic  sickness"  which  results 
in  extreme  fatigue,  nausea,  nervousness, 
and  even  temporary  deafness  have  been 
attributed  to  supersonic  sounds. 

One  will  agree  that  a  conventional 
multi-engine  aircraft  turning  up  can 
raise  quite  a  racket.  In  this  case  there 
are  two  main  causes  of  noise,  the  power 
plant  and  the  propeller.  Another  bother- 
some noi.se  factor  is  the  passage  of  the 
aircraft     itself     through     the    air.     Guy 


wires,  airfoil  surfaces,  landing  gear,  and 
cowlings,  all  contribute  and  each  vibrate 
with  their  own  frequency.  In  the  jet  en- 
gine, noise  is  caused  primarily  b\  two 
actions.  The  reciprocating  turbine  and 
the  passage  of  gasses  through  the  i\- 
h.iust  cau.se  sounds  of  extreme  inten- 
sity. To  attack  one  of  these  elements 
would  be  to  attack  the  source. 

In  the  case  of  the  reciprocating  en- 
gine a  muffled  exhaust  system  is  neces- 
sar\  to  cut  down  on  the  noise.  To  build 
an  adequate  nuiffler  without  sacrificing 
engine  performance  would  add  as  much 
weight  to  the  aircraft  as  the  \\eight  of 
the  engine  itself.  Engineers  agree  that 
at  the  pre.sent  time  there  is  no  known 
method  of  successfully  muffling  an  en- 
gine of  the  size  that  is  used  on  commer- 
cial and  fighter  aircraft.  Successful  muf- 
flers have  been  built  for  use  on  small 
aircraft  of  the  Stinson  type  which  al- 
though bulky,  have  managed  to  elimin- 
ate a  greater  part  of  exhaust  noise  with- 


out destroying  the  efficienc\  of  the  air- 
craft. 

In  the  field  of  propeller  design,  re- 
search is  now  underway  which  involves 
the  increase  in  the  number  of  blades,  a 
decrease  in  the  surface  area  of  the  blades, 
and  the  slowing  down  of  the  propeller 
revolution.  Primary  noise  source  is  at 
the  tip  of  the  blade  which  revolves  the 
fastest,  but  to  slow  down  revolution  re- 
quires reduction  gears  which  again  arc 
bulky  and   heavy. 

The  jet  engine  presents  the  greatest 
problem.  Muffling  its  noises  at  their 
source  are  almost  impossible.  Effecti\e 
measures  are  being  taken  to  protect 
ground  crews,  and  personnel  while  the 
aircraft  is  on  the  ground,  though.  Sound 
insulated  test  houses,  soimd-proof  work- 
ing spaces,  and  portable  mufflers  many 
fe?t  long  ha\e  been  used  successfulh. 
1  he  British  have  tried  building  walls 
around  the  test  areas  which  deflect  the 
sounds  skyward.  No  solution  has  been 
forthcoming  for  the  successful  curbing 
of  t'le  noise  while  the  aircraft  is  air- 
borne. 

Civil    authorities   are   painfully   aware 


of  the  problems  brougiit  about  b\  the 
jet  airliner  and  its  future  cousin,  the 
rocket  propelled  aircraft.  Where  before, 
residents  of  air  terminal  communities 
ha\e  become  accustomed  and  even 
learned  to  tolerate  the  roar  of  propeller 
driven  aircraft,  the  combination  of  jet, 
rocket,  and  propeller  planes  have  caused 
extreme  consternation.  Authorities  are 
now  faced  with  the  problem  of  revising 
their  zoning  laws  which  were  outmoded 
and  uere  only  a  compromise  at  their 
outset.  The  attitude  that  one  has  only 
to  pass  a  law  stating  that  aircraft  will 
detour  around  their  respective  communi- 
ties is  foolhardy  as  well  as  unintelligent. 
All  air  terminals  have  "flight  paths" 
which  aircraft  planning  to  land  are  sup- 
posed to  follow,  but  these  are  only  gen- 
eral in  scope  and  do  not  take  into  ac- 
count conditions  such  as  weather,  num- 
ber of  aircraft  in  the  area,  and  the  type 
of  aircraft  in  the  pattern. 

In  this  article  I  have  tried  to  present 
the  problem  as  it  exists  today.  I  ha\e 
not  offered  a  sokition  simply  because 
none  exists  which  can  alle\iate  the  situa- 
tion. It  is  evident  that  if  a  solution 
exists  it  does  so  at  the  source  of  the 
noise.  The  difficulties  involved  are 
numerous  but  not  insurmountable.  It 
has  been  humorously  stated  that  noise 
IS  the  price  we  must  pay  for  progress. 
What  was  said  in  jest  is  proving  to  be 
reality  and  is  no  longer  a  laughing  mat- 
ter. It  may  well  be  a  factor  which  will 
influence  the  development  and  environ- 
ment of  future  a\iation. 


The  partners  called  Mcintosh,  the 
manager,  into  the  inner  sanctum. 

"Listen.  Mcintosh,"  said  the  first 
partner.  "We  find  that  last  \ear's  busi- 
ness was  the  best  since  we  opened  the 
place.  We  know  how  much  hard  work 
you  put  in  for  us,  and  as  a  special  mark 
of  our  appreciation,  we  are  making  out 
a  check  for  $1,000  for  you." 

The  manager  stammered  his  thanks. 

"Yes,  "  went  on  the  other  partner, 
"and  if  next  year's  business  is  as  good 
as  this,  we'll  sign  it.  " 

-:::  »  * 

A  rooster  is  the  onl\  type  of  an  alarm 
clock  that  has  to  be  turned  off  with  an 
axe. 

*•        *        * 

Chief,  on  telephone:  "Doctor,  my  lit- 
tle bo\  just  swallowed  m\'  fountain 
pen.  " 

Doctor:  "Heavens!  I'll  come  at  once. 
What  are  you  doing  in  the  meantime?" 

Chief:  "Using  a  pencil." 

Mistress  (to  cook  she  has  just  fired)  : 
"Whv  did  vou  throw  that  dollar  to  the 

d.5g?''' 

Cook:  "I  never  forget  a  friend;  he 
used   to  help  me  with   the  dishes," 
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The  Rocketeering 

ILLINI 

by  Phil  DeProtine,  Aero.  '55 


Did  you  ever  wonder  who  would  h;i\  e 
won  the  second  world  war  if  it  had 
lasted  only  one  more  year?  True  that 
no  one  can  really  say  what  the  final 
outcome  might  have  been  but  here  is 
something  to  take  into  consideration.  As 
the  war  drew  to  a  close  in  Europe,  the 
(jerman's  long,  extensive  experimental 
program  in  the  field  of  rocketry  was 
just  beginning  to  show  real  progress. 

For  years  before  the  war,  rocketry 
was  an  important  field  in  Germany  and 
one  of  the  leading  experts  in  the  field 
was  a  scientist  by  the  name  of  Wernher 
von  Braun.  Much  of  the  early  modern 
day  rocket  development  may  be  attri- 
buted to  him.  Once  Hitler's  war  ma- 
chine gained  control  of  (jerman\',  \on 
Braun  was  appointed  director  of  the 
Peenemunde  research  and  de\elopment 
center,  specializing  in  military  rocket 
research.  Peenemunde  was  one  of  our 
major  bombing  targets  during  the  war 
for  obvious  reasons.  As  a  result  of  von 
Braun's  efforts  and  German  develop- 
ment, rockets  passed  from  the  stage  of 
experimental  de\ices  to  practical  war 
machines. 

The  products  of  this  research  center 
were  one  of  our  main  sources  of  worry. 
We  could  not  afford  to  let  the  (jer- 
mans  continue  to  search  for  and  find 
the  answers  to  long  range,  high  speeil 
guided  missile  warfare. 

We  are  most  familiar  with  the  V-2 
rocket  (111.  Tech.  Feb.)  ( Victory  Wea- 
pon No.  2)  which  the  (lermans  had 
developed  late  in  the  war.  The  actual 
classification  of  this  rocket  was  A-4,  the 
rocket  development  program  ruiuiing 
from  A-1  to  A-11,  the  latter  of  which 
was  developed  in  the  last  days  prior 
to  V-E  Day.  Just  to  point  out  how  far 
along  the  line  Geman  scientists  had  pro- 
gressed, consider  the  A-11  rocket.  This 
was  a  long  range,  two  stage  rocket,  cap- 
able of  reaching  New  York  City.  The 
rocket  consisted  of  a  first  stage,  high 
powered  uiu't  which  would  detach  itself 
when  exhausted,  leaving  a  winged,  pi- 
loted V-2  rocket  to  make  the  remainirig 
journey  alone.  With  a  gliding  range  of 
100(1  miles,  this  rocket  might  have  been 


a  deciding  factor  in  the  outcome  of  the 
war  had  the  Germans  had  time  to  u.se 
it. 

Another  example  of  the  degree  of 
( lerman  rocket  development  was  the  air 
launched  rocket  which  was  controlled  by 
wires  leading  from  the  rocket  to  the 
launching  plane.  Along  with  numerous 
other    air-to-air,    air-to-land,    etc.,    rock- 


This  development  program  not  only 
stimulated  interest  along  official  lines 
but  also  in  the  general  public  as  can 
be  seen  by  the  number  of  recent  articles 
on  rockets  and  rocketry.  A  great  deal  of 
interest  has  also  been  shown  right  here 
at  the  University  of  Illinois.  For  the 
first  time,  the  Aeronautical  Engineering 
Department  is  offering  a  course  on 
rockets  (Aero.  334)  taught  by  Profes- 
sor T.  P.  Torda.  In  view  of  the  in- 
creasing interest  in  the  field,  the  Illinois 
Rocket  Society  was  recently  founded, 
receiving  strong  support  not  only  from 
the  Aeronautic  A-1  Engineering  Depart- 
ment, but  from  the  University  as  a 
whole,  various  other  societies,  industry 
and  the  military.  The  purpose  of  the 
Illinois  Rocket  Society  is  to  promote  ex- 
perimental and  analytical  work  in  the 
field  of  rocketry  and  to  disseminate 
knowledge  of  the  theory  and  practice  of 
rocketry.  The  societ\'  is  open  for  mem- 
bership to  anyone  in  any  college  or  cur- 
riculum, male  or  female,  who  has  a 
real  interest  in  the  field  of  rocketry. 
The  society  stre.sses  the  fact  that  every 


Assembling  a  rocket  engine.  (Photos  by  Jim   Fisher,  lllini  Photographer 


ets,  the  Germans  would  ha\e  had  an  at- 
tacking force  with  which  we  were  un- 
able to  compete  at  that  time.  Fortunate- 
ly, most  of  these  weapons  never  were 
put  to  use  against  us. 

Suice  the  wai',  rocket  development 
has  become  a  major  program  here  in  the 
United  States.  By  using  the  (lermans' 
experience  and  knowledge,  we  have  been 
able  to  greatly  improve  upon  the  early 
V-2  rocket  as  well  as  developing  numer- 
ous other  applications  for  rocket  power. 


member  is  a  working  one  ;  that  is,  every 
member  is  expected  to  partake  in  .some 
phase  of  the  society's  program.  This  is 
a  working  organization.  Business  and 
discussion  meetings  are  held  every  Tues- 
day at  7:30  p.  m.  in  room  115,  Trans- 
portation Biu'lding.  Working  .sessions  are 
held  intermittently  on  Saturdays  in 
AeronaLitical  Laboratory  "B". 

The  members  of  the  society,  coming 
from  different  colleges,  have  various 
backgrounds    and    for    this    reason    it    is 
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Examining  a  liquid  fuel  rocket  in  Aero  Lab.  B. 


c'sstMitiai  tiuit  tiif  piofiiani  bt-gln  wirli 
the  tuiuianieiital  introduction  to  rocket 
theory  and  progress  from  this  point  on. 
As  we  work,  we  learn.  On  this  premise, 
student  reviews,  discussions,  and  sem- 
inars ha\e  b.en  planned  so  that  we  may 
learn  as  we  prepare  to  exchange  ideas 
and  tiiulings  with  fellow  members,  thus 
increasing  our  (uerall  knowledge  of  the 
field. 

At  the  present  time,  the  members  are 
undertaking  se\eral  projects.  T  he  one 
furthest  underway  is  the  sectioning  and 
drawing  of  a  Walter  Rocket,  donated 
by  the  Aeronautical  Engineering  Depart- 
ment for  use  of  the  society.  Industry 
and  the  military  are  also  cooperating  in 
.securing  more  equipment  for  actual  ex- 
perimentation. The  rocket  is  to  be  sec- 
tioned for  study  and  display  purposes, 
[drawings  are  made  of  each  power  plant 
component  as  it  is  disassembled  so  that 
the  various  mechanical  features  may  be 
studied.  Professor  T.  P.  Torda,  facult\' 
advisor,  has  been  instrumental  in  guid- 
ing the  technical  program  which  is  mak- 
ing rapid  progress.  The  work  with  the 
Walter  Rocket  enables  the  members  to 
seen  an  actual  application  of  the  theory 
presented  in  the  discussions  and  litera- 
ture. 

A  second  project  of  the  society  is  the 
tlesigning  and  construction  of  an  experi- 
mental rocket  test  stand.  This  project 
will  tend  to  acquaint  the  members  with 
the  various  problems  and  techniques  en- 
countered in  experimental  testing.  Along 
with  the  actual  problems  of  construction, 
tile  problem  of  instrumentation,  which 
is  actually  a  field  in  itself,  will  be  con- 
sidered. It  may  be  well  to  point  out  here 
that  there  is  a  need  for  people  with 
varied  skills,  backgrounds,  and  interests. 
There  is  a  job  for  everyone  who  is  in- 
terested. It  should  also  be  pointed  out 
that  the  field  of  rocketry  deals  not  only 
with  the  actual  power  plant  itself,  but 
also  with  any  related  problems  which 
ought  be  encountered  in  the  entire  rock- 


et development.  This  covers  a  rather 
broad   area. 

For  those  members  who  are  unable  to 
engage  in  the  experimental  program, 
the  society  has  arranged  to  hold  formal 
and  informal  discussion  and  seminar  pro- 
grams, enabling  those  members  who  may 
be  interested  in  a  specific  phase  of  rock- 
etr\  which  does  not  lend  itself  to  actual 
experimentation  to  investigate  analytical- 
ly their  field.  In  an\  event,  evervone  will 
be  able  to  activeh  engage  in  the  so- 
ciety's activities. 

The  society  is  also  making  arrange- 
ments to  take  a  trip  to  Purdue  Univer- 
sity to  observe  the  experimental  rocket 
research  station  located  there.  The  trip 
should  prove  most  interesting  and  infor- 
mative as  Purdue  University  is  a  leader 
in  rocketry  and  has  extensive  facilities. 
During  the  present  semester,  the  mem- 
bers plan  to  hold  at  least  one  meeting 
at  the  Aeronautical  Propulsions  Labora- 
tory located  at  the  University  of  Illinois 
Airport  on  route  45.  Here  the  members 
will  have  a  chance  to  observe  several 
power  plants  already  set  up  for  experi- 
mentation. It  is  hoped  that  some  useful 
pointers  on  testing  procedure,  materials, 
and    instrumentation   may   be   gained    by 

The  society  also  plans  to  invite  sev- 
eral outside  speakers  from  the  facultv 
and  industry  in  an  effort  to  broaden  its 
source  of  information.  Both  the  Uni- 
versity and  industry  have  been  very  co- 
operative in  this  respect.  Although  the 
Illinois  Rocket  Society  is  not  at  the  pres- 
ent time  affiliated  with  any  national 
organization,  it  plans  to  become  a  chap- 
ter of  the  American  Rocket  Society 
(A.  R.  S. )  in  the  near  future,  thus 
opening  an  even  broader  horizon  of  ac- 
tivity. 

The  Illinois  Rocket  Society  welcomes 
any  interested  parties  to  attend  one  of 
its  meetings  for  further  information  as 
to  its  program.  Membership  is  open  to 
undergraduates,  graduates,  staff  and  fac- 
ultv  members. 


To  be  a  successful  engineer, 

above  all  you  must 

know  how  to  cut  costs 


SIMPLE  DESIGN  CHANGE 
TO  STEEL  CUTS  COST 
FROM  $1.15  TO  31^ 


BEFORE  any  product  design  is 
accepted,  the  manufacturer  asks, 
"Can  it  be  built  for  less  money.'"  Un- 
less your  designs  pass  this  test  they 
are  likely  to  be  rejected. 

Knowing  how  to  use  welded  steel 
gives  you  the  advantage  in  develop- 
ing any  product  for  lowest  cost  man- 
ufacture. That's  because  steel  is  three 
times  stronger  than  gray  iron,  two 
and  one  half  times  as  rigid,  and  costs 
only  a  third  as  much  per  pound. 
Therefore,  where  stiffness  or  rigidity 
is  a  factor  in  a  design,  less  than  half 
the  material  is  necessary. 

Here,  for  example,  is  how  one  re- 
sourceful engineer  put  these  qualities 
to  work: 


Fig.  1.  Traditional  Con- 
struction. M.ichine  fool- 


fihs  6  pounds.  Cose 
h  broactied  keyway 
is  SI. 15. 


Fig.  2.  Simple  Steel  Design 
Costs  41%  Less.  Can  be 

built  by  ctie  shop  with 

only  saw  and  shears. 

Weighs  2.7  pounds. 

Costs  68f  complete 

with  keyway. 


Fig.  3.  Saves   53%   Cost 

by  forming  lever  arm  and 

pad  as  integral  piece  from 

10  gauge  metal. Weighs 

2.5  pounds. 

Costs  54<. 


Fig.  4.  Saves  73%,  Elimi- 
nates Broaching.  Hub  with 

■  nlc^r.il  key  is  produced 

by  stacking  stampings 

in  assembly.  Arm  is 

10  gauge,  brake 

formed  and  welded 

to  hub.  Cost  is 

only  Sit'.  Weighs 

2.2  pounds. 

Back  up  your  engineering  training 
with  latest  information  on  welded 
steel  construction.  Bulletinsand  hand- 
books are  available  to  engineering 
students  by  writing 

THE  LINCOLN  ELECTRIC  COMPANY 

Cleveland  17,  Ohio 

THE  WORLD'S  LARGEST  MANUFACTURER   OF 

ARC  WELDING  EQUIPMENT 
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UhIii  a  Ifw  Am  nnm  aqo 


the  helicopter  was  thought  to  be  a  "stunt"  machine 
—  amazing  and  amusing,  and  not  particularly  im- 
portant. Events  in  Korea  changed  that  idea  —  fast' 
This  fledgling  among  aircraft  performed  '  impos- 
sible" military  assignments,  spectacularly  successful 
missions  of  mercy.  Helicopters  came  into  their  own 


''■-':T<^'tviS\<X'W'~  ^.^.. . 


Now  in  demand  for  hundreds 
of  jobs,  today's  most  versatile 
flying  machine  is  the  product 
of  ceaseless  testing,  highest- 
calibre  engineering,  work  and 
imagination. 


In  1939,  the  VS-300with  Igor 
Sikorsky  at  the  controls  made 
the  first  practical  helicopter 
flight  in  the  United  States. 
Hundreds  of  later  Sikorsky's 
were  delivered  for  service  in 
World  War  II. 


You  might  find  —  in  Sikorsky  Aircraft's 
research  departments,  drafting  rooms, 
engineering  laboratories  —  a  lifetime  op- 
portunity in  this  young,  growing  and  most 
interesting  field  of  aviation.  Write  today  to 
R.  C.  Banks,  Personnel  Department. 


Future  Sikorsky's  Will  be  built 
by  tomorrow's  engineers.  Per- 
haps ijou  belong  at  Sikorsky 
where  your  skill  and  ability 
will  be  continually  challenged. 


IKORSKY 


Sikorsky  Aircraft,  one  of  the  four  divisions  of  United  Aircraft  Corporation,   South  Avenue,  Bridgeport  1,  Conn. 
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Engineering  Highlights 

1  li^li-pirclu-il  Miurul  \\:i\es  for  excep- 
tionally tine  cleaning  ot  small  industrial 
parts;  "curved  light"  for  pin-pointing 
location  of  flaming  gases  within  roaring 
jet  engines;  and  electronic  "eyes"  for 
measuring  for  the  first  time  the  width 
of  rapidly-moving  red-hot  steel  strips 
were  among  engineering  highlights  of 
1^52  at  the  CJIeneral  Electric  Company's 
General  Engineering  Laboratory  in 
Schnectady,   N.  Y. 

Other  advancements  included  a  plas- 
tic hoop  twice  as  strong  as  steel  for  cer- 
tain industrial  uses;  a  robot  psycholo- 
gist to  facilitate  mass-scale  pyschological 
anil  personnel  testing ;  and  advanced 
methods  of  statistical  quality  control  for 
eventually  providing  continuous  control 
of  automatic  factories  of  the  future. 

Many  other  new  developments  cannot 
be  disclosed  because  they  come  under 
the  laboratory's  heavy  role  in  national 
defense. 

Included  in  ne.xt  year's  more  than  $20 
million  of  laboratory  operations  will  be 
more  than  400  developmental  projects. 
Work  included  among  the  62  separate 
fields  of  engineering  in  which  laboratory 
engineers  are  engaged  range  from  sim- 
ple consulting  jobs  requiring  only  one 
engineer  to  immensely  complex  tasks 
involving  more  than  350  people.  Essen- 
tially all  the  work  which  the  laboratory 
does  is  a  service  supplementing  the  work 
of  the  other  departments  of  the  com- 
pany. 

High-pitched  sound  waves,  first  used 
industrially  in  1951,  were  advanced 
through  this  year's  developments  to  a 
point  where  they  are  now  considered  to 
be  one  of  the  most  effective  methods  yet 
devised  for  industrial  cleaning  of  small 
parts.  The  sound  waves,  known  as  ultra- 
sonics, are  directed  through  a  liquid 
solvent  to  remove  dirt,  grease,  and  metal 
particles  from  small  corners  and  crevices 
where  the  solvent  alone  would  be  inef- 
fective. One  application  is  in  industrial 
cleaning  of   electric  shaver   heads. 

"Curved  light"  is  now  being  used  in 
a  new  type  of  probing  instrument  of 
quartz  and  steel  to  pin-point  location  of 
flaming  gases  burning  in  tailcones  of  jet 


NOW 
HEAR 
THIS 


engines.  Visible  liglu  wa\es  from  flames 
within  the  tailcone  are  transmitted  by 
a  curving  four  foot  long  quartz  fila- 
ment to  a  photo  tube  outside  the  tailcone 
where  it  is  changed  to  an  electric  cur- 
rent, which  can  be  reail  on  an  indicator. 
The  instrument  enables  engineers  to  lo- 
cate possible  faulty  combustion  areas  and 
unnecessary  flame  leakage  in  a  continu- 
ing search  to  discover  the  most  efficient 
design  for  aircraft  combustion  cham- 
bers. 

An  electronic  width  gage  developed 
for  the  steel  industr\'  is  now  being  used 
for  the  first  time  to  measure  continu- 
ously and  automatically  the  width  of 
red-hot  steel  strips  moving  speedih 
through  rolling  mills.  Electronic  "eyes" 
assure  that  the  width  of  the  strip  is  held 
to  predetermined  specifications.  Use  of 
the  gage  is  expected  to  result  in  annual 
savings  of  more  than  $100,000  in  trim- 
ming operations  alone,  in  addition  to  ob- 
taiiu'ng  increased  toiuiage  of  usable  steel 
strips. 

To  help  offset  effects  of  the  1932 
steel  shortage,  CJ-E  engineers  developed 
a  plastic  hoop  twice  as  strong  as  steel 
and  only  one-quarter  as  heavy,  for  use 
in  certain  industrial  machinery.  When 
it  was  necessary  to  substitute  aluminum 
armor  for  steel  in  wire  and  cable,  the 
laboratory  developed  new  methods  for 
joining  the  alunu'num  strips. 

A  "robot  psychologist,"  known  as  a 
psychological  matrix  rotator,  was  de- 
veloped by  (i-E  engineers  and  recently 
put  into  use  to  facilitate  mass-scale  psy- 
chological and  personnel  testing.  The 
huge  device,  a  king-sized  electronic  com- 
puter, will  be  vised  to  detect  misleading 
and  erroneous  questions  and  to  improve 
psychological  methods  for  selecting  the 
right  man  for  the  right  job. 

Continuing  developments  in  the  field 
of  statistical  quality  control  now  show 
promise  of  eventually  providing  continu- 
ous statistical  control  essential  for  auto- 
matic factories  of  the  future.  Statistical 
control  has  been  described  as  applying 
mathematical    probabilities    to    problems 


of  manageinent,  engineering,  manufac- 
turing and  research. 

In  the  field  of  aviation,  the  labora- 
tory announced  the  first  modified  jet 
engine  for  helicopters,  and  important  de- 
velopments in  jet  aircraft  accessory  tur- 
bines. 

New  production  models  of  an  analyti- 
cal mass  spectrometer  will  allow  chem- 
ists to  analyze  chenu'cal  contents  of  li- 
quids and  gases  in  one-tenth  the  time 
formerly  reqmred.  The  device  can  also 
be  used  in  isotope  abundance  studies,  for 
research  in  rare  gases,  and  for  determin- 
ing age  of  geological  matter. 

In  the  field  of  nucleonics  were  such 
engineering  developments  as  remotely- 
controlled  equipment  to  perform  certain 
mechanical  functions  in  radioactive 
areas;  a  series  of  radiation  detection  in- 
struments for  protection  of  personnel ; 
and  further  advances  in  development  of 
atom  smashers. 

In  addition  to  developmental  projects, 
some  20,000  precise  electrical  measuring 
instruments  were  calibrated  during  the 
year,  in  connection  with  the  laboratory's 
position  as  the  company's  bureau  of 
standards. 

New  Arc-Furnace  Breaker  for 
Both  Load  and  Short-Circuit 
Operation 

A  new  arc-furnace  circuit  breaker  has 
been  developed  by  the  Westinghouse 
Electric  Corporation.  A  compressed-air 
breaker  with  the  arc  chutes  redesigned 
result  in  interupting  capacity  of  500,000 
kva  on  34.3  kv  lines.  The  new  design 
eliminates  the  need  for  a  separate  break- 
er to  interrupt  short-circuit  currents. 
Tests  show  the  breaker  to  be  capable 
of  handling  the  frequent  routine  load 
openings  and  also  several  primary-fault 
operations  per  year  for  two  years  with 
a  minimuin  of  maintenance. 

Probably  the  roughest  service  any 
circuit  breaker  must  face  is  with  electric- 
furnaces.  Because  of  "cave-ins"  of  the 
scrap  metal  during  the  melt-down  por- 
tion of  the  furnace  cycle,  the  breaker 
must  operate  frequently.  In  one  typical 
installation  an  arc-furnace  breaker  was 
called  on  to  interrupt  load  and  overload 
currents  39.331  times  in  a  27-month 
period,  or  once  every  21  minutes.  A 
power-system  breaker,  by  comparison,  is 
required  to  operate  usually  no  more  ■ 
than  every  few  months  and  ordinarily 
the  contacts  are  examined  after  a  few 
such  operations. 

That  frequent  load-curreiit  interrup- 
tion would  seem  to  be  enough  to  ask 
of  any  circuit  breaker.  Heretofore,  in 
arc-furnace  installations,  a  separate 
breaker  has  been  used  for  interruption 
of  short-circuit  currents.  Xow  the  fur- 
nace breaker  does  both  jobs — frequent 
operation  on  loads  and  overloads  and  in- 
frequent operation  on  heavy  short  cir- 
cuits. 
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filled  here 


It  takes  tons  and  tons  of  materials 
to  fill  llio  |>res<ri|»tions  that  pve  strength  and  stamina  to  the  steel  you  use 


The  steel  that's  everywhere — in  your  automobile,  in 
trains,  macliines,  and  buildings — is  stronger  and  more 
enduring  because  it  has  been  treated  with  special 
"vitamins  and  tonics." 

STEEL  GETS  ITS  VITAMINS  from  the  industry's 
"drugstores" — the  plants  where  alloying  metals  are 
made.  Here,  prescriptions  usually  call  for  ingredients 
by  the  ton.  Their  huge  "mixing  bowls"  are  white-hot 
electric  arc  furnaces,  in  which  temperatures  reach  over 
3,500  degrees  Fahrenheit. 

These  alloying  metals  are  refined  and  concentrated 
forms  of  both  rare  and  common  metals.  Among  them 
are  chromium,  boron,  silicon,  tungsten,  columbium,  and 
vanadium.  Individually,  or  together,  they  give  steel  du- 
rability, toughness,  hardness,  rust  and  corrosion  resist- 
ance, and  other  special  qualities.  Chromium,  for  exam- 
ple, is  the  secret  of  making  steel  stainless. 


VARYING  COMBINATIONS  of  these  and  other 
alloys  are  added  to  every  ton  of  molten  steel  produced 
today.  Without  them  we  wouldn't  have  the  hundreds 
of  different  kinds  of  steel  that  do  so  much  for  all  of  us 
in  so  many  ways. 

MORE  THAN  50  ALLOYS— The  people  of  Union 
Carbide  pioneered  in  the  development  and  production 
of  alloying  metals.  They  produce  more  than  50  different 
alloys  for  steel  and  other  metals  that  go  into  products 
that  serve  you. 

STUDENTS  AND  STUDENT  ADVISERS:  Learn  more  about  career 
ciiportunities  with  Union  Carbide  in  ALLOYS,  CARBONS,  CHEMICALS, 
Gases,  and  Plastics.  Write  for  booklet  K-2. 

Union  Carbide 

AND     CARBON    CORPORATION 

3  0    EAST     1 2  MJ    M  11  l:  1 .  1        |||^^        NtW     YORK     17,     N.     Y. 
In  Canada:  UNION  CARBIDE  CANADA  LIMITED 


ElecTROMET  Alloys  and  Metals 
Haynes  Stellite  Alloys 

ACHESON  Electrodes 


UCC's  Trade-marked  Products  include 

Bakelite,  Vinylite,  and  f^RENE  Plastics        DVNEL  Textile  Fibers        Prestone  Anti-Freeze  .NATIONAL  Carbons 

PVROFAX  Gas      Prest-0-Lite  Acetylene       Union  Carbide  LiNDE  Oxygen 

EvEREADY  Flashlights  and  Batteries  Synthetic  Organic  Chemicals 
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GENERAL 


by   Robert  Nieman 
G.  E.  '34 

The  fomniimicatioii  ot  iiU'.is  In  tlic 
engineering  profession  (icmands  a  very 
special  niediuni.  Words  alone  are  insuf- 
ficient to  express  the  complicated  spatial 
concepts  of  engineering.  Therefore  en- 
gineering drawings  are  a  hasic  and  abso- 
lutely necessary  field  of  knowledge 
which  must  be  mastered  by  e\er\-  engi- 
neer. For  it  is  through  precise,  detailed 
graphical  illustrations  that  the  engi- 
neer expresses  himself  and  conveys  his 
ideas  to  others. 

Drawing  is  taught  in  the  first  \ear  of 
the  engineering  curricula  by  the  Depart- 
ment of  General  Engineering.  The  de- 
partment also  administers  the  curriculum 
of  (leneral  Engineering  but  its  major 
activit\'  is  teaching  drawing. 

For  displa\  in  the  1^54  Engineering 
Open  House,  the  general  engineering  de- 
partment has  arranged  demonstrations 
and  exhibits  of  many  of  the  techniques, 
tools  and  materials  used  in  the  drawing 
courses. 

Pictorial  drawings,  being  more  read- 
ily understood  than  working  drawings, 
are  useful  for  presenting  engineering 
ideas  to  laymen.  The  exhibit  of  pictorial 
drawings  includes  samples  taken  from 
legular  classwork  and  demonstrations  of 
techniques  and  devices  used  in  the  prep- 
aration of  pictorial  drawings.  Also,  visit- 
ors will  have  an  opportunity  to  use  the 
air  brush  and  view  a  new  type  of  stere- 
oscopic, three  dimensional  projection. 

Of  special  interest  are  the  demonstra- 
tions and  exhibits  of  aircraft  draftiiif:, 
aircraft  lofting  and  drawings  on  phi^ 
tic. 

A  geological  map  of  Illinois  will  he 
on  display  along  with  samples  of  topu 
graphic  maps,  sub-surface  structure 
maps,  columnar  sections  and  geologic 
cross-sections.  Here,  pictures  of  the 
earth's  sub-structure  as  deduced  from 
surface  observations  and  other  data,  are 
prepared  for  scientific  information  as 
well   as  engineering   use. 

The  perfect  lettering  found  on  engi- 
neering drawings  is  not  always  the  pro- 
duct of  just  expert  draftsmanship  alone. 
Demonstrations  of  special  lettering  ma- 
chines, lettering  aids,  riding  pens  and 
other  tools  will  be  found  on  display. 

Engineers  and  slide  rules  are  almost 
constant    companions.    But    the    popular 


slide  rule  ot  tod;i\  l>  not  the  onl\  slide 
rule  in  existence.  The  general  engineer- 
ing department  has  fifty  different  slide 
rules  on  display  with  a  giant  seven  foot 
model    for   demonstration   purposes. 

Nomographs,  another  kind  of  compu- 
tation aid,  will  be  demonstrated. 

Since  engineering  drawings  are  often 
\cry  complicated,  visual  teaching  aids 
are  essential  in  drawing  cour.ses.  .Models 
of  all  kinds,  used  for  instructional  pvu- 
poses,  are  available  for  inspection. 

It  is  the  purpose  of  industry  to  create, 
manufacture  and  sell  products.  Natural- 
1\,  drawings  play  an  extremely  vital  role 
in  all  phases  of  the  industrial  scheme. 
How  a  product  Is  developed,  manufac- 
tured and  sold  with  the  use  of  drawings 
Is  vi\idl\  <lemonstrared  by  the  general 
engineering  department  in  an  exhibit 
where  both  the  drawings  and  the  articles 
are  displayed  together.  The  development 
of  every  part  is  traced  from  the  prelim- 
inary stage  to  final  assembly  and  the 
drawings  for  each  step  are  along-side. 

Several  methods  of  reproduction  of 
drawings  will  be  demonstrated  as  well  as 
the  use  of  black  light. 


AERO 

by  Dwight  Moberg 
Aero.  E.  '54 


E\er  wanted  to  be  behind  the  con- 
trols of  an  airplane?  Wonder  what  the 
Inside  of  a  rocket  motor  looks  like?  Curi- 
ous about  shock  waves?  Don't  fail  to 
stop  in  at  Aeronautical  Engineering 
Labs  A  and  H,  where  you'll  see  these 
and  many  other  interesting  exhibits. 

At  Aero  Lab  A,  see  the  wind  tunnel 
in  operation,  a  device  which  makes  pos- 


sible the  measurement  of  lift  and  drag 
forces  on  an  airfoil  at  various  speeds. 
In  Laboratory  B,  a  smoke  tunnel  pre- 
sents a  \isual  picture  of  the  flow  of  air 
about  a  body  by  means  of  smoke  streams. 
At  a  nearby  display,  \ou  can  actuallj' 
see  shock  waves  generated  by  a  super- 
sonic type  airfoil. 

The  huge  shock  tube,  centralK  lo- 
cated In  Laborat()r\  B,  permits  the  stud\ 
of  air  flow  and  pressures  about  a  bod\ 
at  supersonic  speeds;  the  Schlleren  photo- 
graphic process  is  used  to  record  the 
pressure  distribution   In   the  shock   tube. 

Be  prepared  for  an  car-splitting  roar 
as  a  tiny  ramjet,  no  bigger  than  your 
first,  bursts  into  life.  See  a  cutawa\ 
model  of  the  famous  Walther  rocket  en- 
gine, which  powered  the  deadly  Luft- 
waffe interceptor  aircraft  of  World 
War  II.  A  multitude  of  powerplants 
will  be  on  display — the  world's  largest 
pulse  jet,  a  valveless  pulse  jet  developed 
at  this  L'niversity,  the  first  turboprop 
engine,  a  ]-?i'^  turbojet  engine  (used  in 
the  famed  Thunderjet  F-84(i  fighter- 
interceptor),  an  R-28^1)  reciprocating 
engine,  and  many  others. 

Visit  the  Structures  Testing  Lab:  See 
polarized  light  used  to  study  the  stress 
distribution  in  an  airfoil;  watch  a  hy- 
draulic drop  test  of  full  sized  landing 
g.-ar;  and  see  the  dynamic  testing  of 
other    actual    aircraft    structures. 

A  two-place  glider,  built  and  tested 
b\  members  of  the  L".  of  I.  Cilider  Club 
will  be  displayed  in  Laboratory  B.  At 
the  rear  of  this  building,  color  films 
showing  the  latest  developments  in  aero- 
nautical research  will  be  ivni  at  frequent 
intervals   during   the   exhibit. 


Overheard  in  Dean  office — 

Dean   to   engineering  student:   Aren't 

you  ashamed  to  be  seen  here  so  often? 
Student:   Why?   I've  always  thought 

of  this  as  a  respectable  place. 


A  modified  ram-jet  prepared  for  a  test  at  the  Flow  Laboratory.  This  jet  was 
in  operation  at  last  year's  Engineering  Open  House. 
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MOST  OF  THE  RESEARCH  WORK  that  led  to  the  development  of 
Ultraforming  —  a  more  efficient  and  economical  refining  process — took 
place  in  the  Whiting  research  laboratories  of  Standard  Oil,  above. 
Extensive  studies  in  seventeen  research-scale  units  demonstrated 
the  merits  of  cyclic  regeneration. 


Standard  Oil  scientists  develop  Ultraforming-- 

the  latest  in  catalytic  reforming 


After  several  years  of  research.  Standard  Oil 
scientists  have  developed  a  new  and  important 
refining  process  — Ultraforming. 

The  process  is  a  better  way  of  improving  the 
low-octane  straight-run  gasoline  found  in  crude 
oil.  To  make  such  gasoline  suitable  for  present 
day  cars,  refiners  must  change  it  into  an  en- 
tirely different  material,  which  gives  good  anti- 
knock performance.  The  change  is  known  as 
reforming. 

Ultraforming  is  the  last  word  in  catalytic 
reforming.  It  gives  greater  yields  of  higher 
octane  gasoline  than  were  previously  possible 
and  gets  good  results  even  with  poor  feed 
stocks.  In  addition,  it  raises  the  yield  of 
hydrogen,  an  increasingly  valuable  by-product 
of  catalytic  reforming. 


Ultraforming  units  do  not  have  to  be  shut 
down  when  the  catalyst  begins  to  lose  activity 
through  use.  By  a  new  technique,  an  im- 
proved platinum  catalyst  is  regenerated  to 
maintain  peak  performance. 

The  advantages  of  Ultraforming  over  pre- 
vious methods  are  so  great  that  Standard  Oil 
and  its  subsidiary  companies  are  building  units 
at  four  refineries.  They  will  start  operating 
this  year.  The  new  process,  of  course,  is  avail- 
able to  the  petroleum  industry  through  licens- 
ing arrangements. 

At  Standard  Oil,  young  engineers  and  chem- 
ists work  with  the  stimulating  knowledge  that 
they  are  participating  in  important  and  last- 
ing contributions  to  the  oil  industry  and  to 
their  country. 


910  South  Michigan  Avenue,  Chicago  80,  llli 


w 


Standard  Oil  Company     (^ij^jr 

Oin    <;o..lh    MIrhmnn    Avonus     Thirnnr,    80     Illinois  ^^■H^^^^ 
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HOW  STANDARDIZED  FIRE-FIGHTING   EQUIPMENT 
REDUCED  FIRE  LOSSES 

Lack  of  lntci(.'li;mjii'abl('  tni'-tigluiiig  ciiuiiwu'nt  cost 
citizens  of  Baltimore  millions  of  dollars  when  their  city 
hurried  in  10(14.  A  fire  hroke  out  on  Sunday,  February  7, 
and  when  it  got  heyond  control  the  local  fire  department 
called  on  Washington,  New  York,  and  Philadelphia  for 
help.  Special  trains  rushed  apparatus  from  these  three 
cities  on  cleared  tracks.  Then  the  equipment  stood  idly  hy 
while  150  acres  of  the  old  business  section  was  destroyed. 
Their  hose  couplings  would  not  fit  the  Haltimore  hy- 
drants. 

Twenty-three  years  later,  in  1927,  fire-fighting  equip- 
ment from  20  neighboring  towns  helped  save  Fall  River, 
IVIass.,  from  total  destruction  in  another  great  fire.  The 
difference  was  in  standardization.  All  equipment  from  the 
20  communities  worked  interchangeably.  The  hydrant 
and  hose  connections  had  been  standardized. 

In  the  intervening  years  the  early  work  of  the  National 
Fire  Protection  Association  in  this  field  had  been  devel- 
oped into  an  American  Standard  for  this  fire-fighting 
equipment  under  the  leadership  of  the  National  Board  of 
Fire  Underwriters,  the  American  Water  Works  Associa- 
tion, and  the  American  Society  of  Mechanical  Engineers. 
That  standard,  which  was  reviewed  and  reaffirmed  early 
in  1Q5,\  is  in  \ery  wide  use  in  the  L  nited  States.  The 
Office  of  Civilian  Defense  has  recognized  the  import- 
ance of  interchangeable  fire  hose  couplings  in  case  of 
enemy  air  attack  and  has  adopted  the  American  Standard 
screw  thread  for  such  emergency  equipment. 


HOW  MASS  PRODUCTION  BEGAN  WITH  A  CONTRACT 
FOR  MUSKETS 

Fli  Whitney  has  sometimes  been  called  "the  Father 
of  Standardization,"  and  this  is  why. 

."Xt  the  end  of  the  18th  century,  tinder  the  authoriza- 
tion of  the  Fifth  Congress,  Vice  President  Thomas  Jef- 
ferson gav-e  the  inventor  of  the  cotton  gin  a  contract  to 
produce  10,000  muskets.  Whitney  built  a  small  factory 
in  New  Haven  and  started  to  work. 

Up  to  that  time,  the  traditional  manufacturing  method 
was  one  in  which  each  man,  highly  skilled,  produced  by 
himself  a  particular  part  of  the  finished  job.  Whitney 
took  the  unprecedented  step  of  dividing  his  work  into 
steps  and  putting  groups  to  work  on  each  step  in  a  simpli- 
fied operation.  Each  part,  copied  from  a  model  musket, 
was  interchangeable  with  its  standardized  counterpart  in 
the  other  muskets. 

Whitney  introduced  three  new  aids  in  this  work:  drill- 
ing by  templates  (patterns),  filing  by  jigs  (guides),  ami 
milling  irregular  forms.  He  did  not,  how-ever,  introduce 
gages  to  inspect  and  control  the  accuracy  of  the  product, 
but  rather  depended  on  keeping  his  tools  sufficiently 
accurate  to  make  the  parts  interchangeable. 

Tooling  up  required  many  months,  and  Congress  be- 
came impatient.  ."Xt  a  critical  stage,  Whitney  appeared 
in  Washington  before  an  assembling  of  government  ex- 
perts and  Congressmen.  He  laid  out  a  pile  of  parts  and 
as.seinbled  ten  muskets  by  picking  standard  parts  at  ran- 
dom— an  unheard-of-feat.  Congress  was  convinced,  and 
thus  mass  production  was  started  on  its  way  in  this 
couiitrw 
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Pattern  of  things  to  come 


IN  ADDITION  TO  THE  PROPERTIES  ALREADY  MEN 
TIONED   IN   THE   ADVERTISEMENT.    SYNTHANE   HAS 


1,  1.  ImpacI   slrcnglh.   Synlhane 

l|T  stands  up  in  mechankol  opplico- 

; 1        O  "ons   whete   jolts,   lars  and   light 

J      I  I  shock  loads  ate  coinmon    It  docs 

\  I  rot  splinter  or  break  readily,  will 


S.  Teftsile    sltenglh.    Svnthone 
strong  in  tension  and  compressic 

3.  Light  weight.  Synlhone  he 


r~i  3.  Light  weight,  bynlhane  ha! 

'— Sis~-___n  approximately  hall  the  weight  ol 

yt~----I  oluminum. 


)        ^ 


4.  Flexural  strength.   Synthone    is 
suitable  lor  lobs  where  deflexion, 

^  torsion  and  vibration  ore  present 

It  has  excellent  (otigue  resistance 

5,  Stable    Ovei   Wide   Tempera, 
luie     Range.     Synthone     is 

-^  thermosetting,-    does    not    (low    as 

temperature  rises,  hos  a  low  colIIi- 
cient  of  thermal  expansion. 


Here  is  one  of  the  brightest  ideas  in 
electronics — and  one  of  the  materials 
which  helped  make  it  possible.  The 
idea  is  the  printed  circuit;  the  material 
is  a  laminated  plastic  called  Synlhane. 

For  years  radio  sets  were  put  to- 
gether by  laboriously  soldering  a  forest 
of  wires  to  terminals.  It  was  a  time- 
consuming  and  expensive  operation. 
If  one  connection  proved  faulty,  the 
whole  assembly  had  to  be  rechccked. 

Then  .someone  came  up  with  the 
idea  o( printing  the  circuit  with  an  acid- 
resisting  ink  on  foil  bonded  to  a  base — 
and  etching  away  the  metal  not  needed. 
It  would  be  quick,  easy  and  error-proof 
— if  the  right  base  material  could  be 
found. 

Among  many  tested,  Synlhane  was 
one  sheet  material  selected.  Synthane 


SYNTHANE   CORPORATION,    OAKS,    PA 


has  the  necessary  strength,  low  mois- 
ture absorption,  is  an  excellent  insula- 
tor and  can  be  punched  easily.  It 
bonds  securely  to  metal  foil  and  with- 
stands the  etching  acid  used  to  remove 
the  excess  metal. 

The  printed  circuit  is  still  in  de- 
velopment— but  it  has  zoomed  into 
favor  for  radio,  TV,  hearing  aids,  and 
many  other  electronic  devices.  There 
are  now  a  dozen  ways  to  produce  what 
are  still  called  "printed"  circuits.  And 
Synthane  is  an  accepted  base  material 
for  every  one  of  them. 

Synthane  laminated  plastics  are 
available  in  a  variety  of  grades  and 
colors — in  sheets,  rods,  tubes,  and  fab- 
ricated parts.  You  arc  invited  to  write 
for  information  to  Synthane  Corpora- 
tion, l3River  Road,  Oaks,  Pa. 


[SYiyrfiANE] 
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Attend 

Summer  School 
for  Engineers 

in  Colorado's 
Rocky  Mountains 

Located  in  Boulder,  %vith  its  mild 
climate  and  cool  nights,  in  view  of 
snow-capped  peaks,  and  within  easy 
walking  distance  of  mountain  trails 
and  streams,  the 

University  of  Colorado 

offers  an  unusual  program  of  summer 
study  and  recreation  .  .  .  The 

College  of  Engineering 

provides  excellent  opportunities  for 
study  for  undergraduate  or  graduate 
degrees,  for  satisfying  prerequisites, 
for  makeup,  or  refresher  courses. 

Graduate  and  undergraduate  courses 
in  the  College  of  Engineering  are  of- 
fered in  the  fields  of — 

APPLIED  MATHEMATICS 

ARCHITECTURE 

ARCHITECTURAL  ENGINEERING 

CHEMICAL  ENGINEERING 

CIVIL  ENGINEERING 

ELECTRICAL  ENGINEERING 

ENGINEERING  PHYSICS 

MECHANICAL  ENGINEERING 
Classroom,  laboratory,  library  and 
other  teaching  facilities  are  unexcelled 
in  the  Rocky  Mountain  region.  Regu- 
lar teaching  staffs  are  supplemented  by 
visiting  lecturers  from  other  institu- 
tions and  industry.  Special  research 
projects  and  seminars  offer  opportunity 
for  creative  work. 

All  courses  offered  by  the  College  of 
Engineering  run  for  ten  weeks — 

JUNE   14  to  AUGUST  24 


ire  offered  for  fi' 
(June    U-July   : 


.  spots; 
ampfire  enter- 
s,  are  all  part 


Other  University  cour: 
week  or  ten-week  icr 
July  22-August  24.) 

The  University's  own  Recreation  Depart- 
ment offers  a  planned  program  which  sup- 
plements education.  Students  have  ample 
opportunity  to  see  scenic  Colorado.  Drives 
over  spectacular  mountain  highways;  week- 
end climbs  to  nearby  peaks  with  experienced 
guides;  easy  hikes  to  adjacent  n 
steak  fries  and  picnics,  and  c 
tainment  near  mountain  strean: 
of   the   program. 

Typical  tuition  and  fees  for  the  10-week 
Engmeering  program  are  S105.  The  charge  is 
deterrnined  by  the  number  of  hours  carried. 

Living  accommodations  are  available  in 
attractive  and  spacious  University  residence 
halls,  private  homes,  fraternity  and  sorority 
houses,  and  student  rooming  houses.  Typical 
room  and  board  rates  are  Sl70  for  10-week 
term. 

Choose  the  University  of  Colorado  this 
summer.  Combine  makeup,  refresher  or 
graduate  courses  with  a  Colorado  vacation. 

I   FILL  OUT  AND  MAIL  THIS  COUPON 
I   TODAY  FOR  FURTHER  INFORMATION 


I   Please  send  Engineering  College  information. 


Publications 


Your  Name.. 
St.  and  No... 


I    City,  State 


■MUUAd 


FEATURE 
EDITOR 


by  Maurice  Garnholtz 
Aero  '56 


It  is  the  job  of  the  person  holding  the 
position  of  feature  editor  of  the  Illinois 
Tcchriograph  to  decide,  along  with  tlie 
other  members  of  the  editorial  staff, 
what  type  of  articles  will  be  published 
in  each  month's  issue  of  the  magazine. 
The  editorial  staff  decides  the  length 
of  the  articles  and  stories  and  as  e.xact- 
ly  as  possible  what  the  articles  will  con- 
sist of  in  their  make-up. 

Usually  a  general  theme  is  designated 
for  the  stories  that  will  go  into  a  par- 
ticular month's  issue  of  the  magazine. 
Last  year,  each  issue  featured  a  particu- 
lar department  of  the  College  of  Engi- 
neering here  at  the  University,  e.g..  Oc- 
tober, 1952 — civil  engineering;  Novem- 
ber— aeronautical  engineering ;  Decem- 
ber— physics;  and  so  on  through  near- 
ly all  of  the  divisions  of  engineering. 
In  March,  1953,  the  annual  Engineer- 
ing Open  House  was  the  main  topic. 
For  one  of  the  later  issues,  research  in 
the  various  departments  of  the  engineer- 
ing college  was  delved  into. 

Thus  far  this  semester,  the  theme  for 
each  month  has  been  varied  to  a  great 
degree.  The  first  issue,  October,  was 
centered  about  the  engineering  fresh- 
men for  this  year.  The  Nosember  issue 
featured  space  travel  and  rockets.  The 
December  copies  tell  of  a  major  or  in- 
teresting field  of  each  phase  of  engi- 
neering as  an  overall  theme.  For  Janu- 
ary, articles  have  been  written  concern- 
ing activities  around  the  campus  and  in 
the   Champaign   area. 

A  general  or  major  theme  is  not  ab- 
.solutely  necessary  for  each  issue,  but  it 
does  add  to  the  coherence  of  the  maga- 
zine and  makes  the  job  somewhat  easier 
for  the  editorial  staff.  It  is  true  though 
that  a  magazine  filled  with  numerous 
and  varied  topics  can  be  just  as,  or  more, 
interesting  than  one  with  a  specific 
theme  and  will  often  appeal   to  a  great- 
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er  number  of  people.  As  an  experiment 
to  .see  how  it  is  accepted,  the  February 
i.ssue  will  be  a  magazine  approximating 
that  idea.  The  articles  in  that  and  in 
all  of  the  issues  of  the  Ttilinoi;r/ipli  are 
usually  on  engineering  and  technical 
subjects  written  and  explained  so  that 
the  general  public  can  read  them  with  a 
minimum  of  difficidty.  The  subjects 
may  also  be  on  non-engineering  topics, 
but  will  be  of  interest  specifically  to 
the  engineer. 

After  deciding  upon  the  feature  arti- 
cles for  a  certain  month,  the  task  of  as- 
signing them  to  the  various  writers  on 
the  editorial  staff  is  encountered.  This 
latter  .sentence  describes  almost  entirely 
the  chief  work  of  the  feature  editor.  As 
much  as  possible,  the  writers  are  allowed 
to  choose  their  articles.  These  usually 
are  about  the  particular  fields  of  engi- 
neering they  plan  to  enter  after  gradua- 
tion. The  feature  editor  a.ssigns  these 
articles  at  a  general  staff  meeting  or 
over  the  telephone  as  he  calls  up  each 
writer  individually,  telling  him  what  is 
required  and  desired  in  the  article.  Each 
aiithor  is  responsible  for  the  pictures 
which  fit  in  with  his  specific  piece  of 
writing. 

Several  members  of  the  staff  are  as- 
signed permanent  or  semi-permanent 
tasks  of  handling  monthly  departments 
of  the  magazine.  Some  of  these  are  the 
following:  Honeyard  Bilge — a  conglom- 
eration of  incidents  and  seemingly  un- 
noticed events  on  the  engineering  cam- 
pus; Skimming  Industrial  Headlines — 
a  summary  of  the  new  developments  in 
industry;  Engineering  Societies — hap- 
penings at  their  meetings. 

The  articles  are  all  to  be  typewritten, 
double  spaced,  and  with  one-inch  mar- 
gins on  all  sides  of  the  written  mater- 
ial. The  first  page  of  the  story  is  started 
half-way  down  the  sheet.  The  title,  au- 
thor's name,  department  and  school,  and 
}iear  of  graduation  are  given  here.  At 
the  bottom  of  each  page  "more"  is  writ- 
ten, imtil  the  last  page  where  "30"  is 
typed,  which  designates  the  end. 

After  articles  are  all  written  and 
turned  in  to  the  proper  basket  in  the 
Tiihnogrdph  office  by  the  pre-a.ssigned 
deadline  date,  the  feature  editor  and  the 
staff  proofread  them  for  typographical 
errors,  grammatical  and  punctuation  er- 
ors,  and  othei-  errors  and  mistakes 
missed  by  the  author  himself. 

Then  the  stories  are  sent  to  the  Illini 
Publishing  Company,  which  makes  "gal- 
le\  proofs  "  of  them.  These  galleys  are 
long,  narrow  pages  with  all  of  the  arti- 
cles printed  on  them.  When  sent  back 
to  the  Tcih  office,  these  galleys  are 
proofread  by  members  of  the  staff.  Then 
the  corrected  articles  are  sent  back  to 
the  publisher  for  the  final  printing.  At 
this  point,  the  make-up  editor  and  his 
staff  step  in,  putting  the  magazine  to- 
gether the  way  it  is  to  be  published. 
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YOUR  BEARING  NOTEBOOK 


How  to  speed  production  of  high 
precision  jet  engine  parts 

Engineers  had  the  problem  of  designing  a  turret  lathe 
that  would  machine  a  stainless  steel  jet  engine  part  having 
a  very  complicated  shape.  And  the  part  had  to  be  pro- 
duced in  volume — yet  with  extreme  precision.  Naturallv, 
they  had  to  be  sure  the  lathe  spindle  would  be  held  rigid. 
To  solve  their  problem,  they  mounted  the  spindle  and 
gear  train  on  Timken®  tapered  roller  bearings,  eliminat- 
ing spindle  vibration  and  chatter,  insuring  high  precision. 


Here's  how  TIMKEN'  bearings 
maintain  spindle  rigidity 

Timken  bearings  hold  spindles  in  rigid  alignment 
because  line  contact  between  rollers  and  races  gives 
spindles  wide,  rigid  support.  Because  the  tapered 
design  of  Timken  bearings  lets  them  take  radial  and 
thrust  loads  in  any  combination,  deflection  is  mini- 
mized, end-play  and  chatter  eliminated.  Spindles 
maintain  their  accuracy,  year  after  year. 


TIMKEN 


TAPfRED  ROLLER  BEARINGS 


Want  to  learn  more  about 
bearings  or  job  opportunities? 


Many  of  the  engineering  problems  you'll 
graduation  will  involve  bearing  applications 
in  learning  more  about  bearings, 
write  for  the  270-page  General  In- 
formation Manual  on  Timken  bear- 
ings. And  for  information  about  the 
excellent  job  opportunities  at  the 
Timken  Company,  write  for  a  copy 
of  "This  Is  Timken".  The  Timken 
Roller  Bearing  Company,  Canton 
6,  Ohio. 


face  after 
.  For  help 


NOT  JUST  A  BALL  O  NOT  JUST  A  ROLLER  ozd  THE  TIMKEN  TAPERED  ROLLER  (i=^ 
BEARING  TAKES  RADIAL  i|)  AND  THRUST  -^^  LOADS  OR  ANY  COMBINATION  ^- 
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WHAT  A  NATIONAL  STANDARD  DID 
FOR  ELECTRIC  LAMPS 

Today  few  arlklc>  iif  loimncrct  icprtMiit  m)  hinli  a  dcKrcr 
iif  staiularilizatii)ii  a>  electric  lamps  and  their  accessories.  There 
is  now  complete  mechanical  interchanKcability  troin  coast  to 
coast.  Some  40  dimensional  standards  tor  incandescent  lamps 
and  about  30  standards  for  fluorescent  lamps  have  been  ap- 
proved. 

This  standardization  was  worked  out  by  the  cooperative 
effort  of  the  electrical  maiuifacturers,  the  power  companies,  the 
fire  insurance  companies,  and  others.  It  is  a  small  part  of  a 
total  standardization  program  that  probably  affects  and  benefits 
more  people  than  any  other.  Two  national  electrical  standards 
codes  encompass  virtually  all  phases  of  electrical  transmission 
and    use. 

The  National  Klectrical  (ode  S'ves  detailed  re(|uirements 
for  the  installation  of  electric  wiring  and  eijuipment  for  light- 
ing, heating,  and  power  in  public  and  private  premises.  It  was 
formulated  under  the  sp;)nsorship  of  the  National  Fire  Protection 
Association  and  was  adopted  as  a  standard  by  the  National 
Board  of  Fire  I'nderuriters.  First  published  in  1897,  it  has  been 
reviewed  and  revised  many  times.  It  became  an  American  Stand- 
ard in  1919.  Hundreds  of  municipalities  use  the  code  in  some 
form  of  legal  enactment.  Insurance  companies  use  it  in  giving 
advice  to  their  insured. 

The  National  Electrical  Safety  Code  provide  the  rules  and 
regulations  which  insure  the  installation,  maintenance,  and  safe 
operation  of  electric  lines  and  e(|uipment,  including  radio  installa- 
tions. It  was  formulated  under  the  sponsorship  of  the  National 
Bureau  of  Standards  in  1913  and  was  approved  as  an  American 
Standard  in  1932.  It  has  been  adopted  in  whole  or  as  a  guide  to 
practice  in  almost  all  of  those  states  that  have  rules  on  electrical 
installations. 

This  standardization  program  has  created  a  national  market 
and  has  thus  permitted  mass  production,  distribution,  and  use 
of  electric  lamps  and  appliances.  The  result  has  been  better  con- 
venience, greater  safety,  and  cheaper  prices.  An  electric  lamp 
cost  $1.7^  in  1907;  it  costs  less  than  15  cents  today — and  lasts 
a   lot   longer. 
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HOW   THE    RAILROADS    STANDARDIZED 
MEASUREMENT  OF  STRESSES 

(^iie  of  the  problems  tliat  used  to  plague  engineers  was 
why  an  iron  structural  member  would  give  way  under  a 
load  that  was  clearly  less  than  the  load  that  tests  had 
shown  it  could  endure.  This  problem  came  to  the  fore  in 
the  first  half  of  the  nineteenth  century,  when  it  became 
necessary  to  establish  standards  for  determining  in  ad- 
vance the  amount  of  service  that  could  be  expected  from 
the  wrought  iron  bridges  that  were  then  beginning  to  re- 
place masonry  bridges. 

Thanks  to  the  work  of  Eaton  Hodgkinson  and  a  com- 
mission appointed  to  study  the  application  of  iron  to  rail- 
way structures,  it  was  discovered  that  the  ultimate  static 
load  is  not  the  only  factor  to  be  considered  in  determining 
the  strength  of  a  structure.  It  was  learned  that  a  load  need 
not  be  the  maximum  load,  as  determined  by  test,  to  cause 
faihire — if  it  were  repeated  often  enough.  It  was  also 
learned  that  deterioration  of  the  material  was  not  the  de- 
termining factor  in  failure. 

Experiments  conducted  by  Wohler  established  that 
the  range  through  which  a  stress  is  varied  has  direct  cor- 
relation with  speed  of  failure.  That  is,  under  the  practi- 
cal conditions  of  use  of  railway  structures,  for  instance, 
load  variations  imposed  by  passing  trains  and  the  ham- 
mer effect  of  steam  locomotives  were  more  conducive  to 
failure  than  would  have  been  the  application  of  a  constant 
load. 

The  effects  just  discussed  are  now  wideK  recognized 
and  are  incorporated  in  standards  issued  by  the  Association 
of  American  Railroads  and  the  Association  of  State  High- 
way (Officials. 
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The  Torrington  Needle  Bearing 

is  designed  for  high  radial  loads 


The  many  lineal  inches  of  contact 
provided  by  the  larger  number  of 
small  diameter  rollers  give  the 
Torrington  Needle  Bearing  an 
unusually  high  load  rating.  In 
fact,  a  Needle  Bearing  has  greater 
radial  capacity  in  relation  to  its 
outside  diameter  than  any  other 
type  of  anti-friction  bearing. 

Precision  Manufacture 
and  Unique  Design 

The  exceptional  load  capacity  of 
the  Needle  Bearing  is  the  result 
of  proper  selection  of  steels,  pre- 
cision workmanship  to  close  tol- 
erances, and  the  application  of 
modern  anti-friction  principles. 
The  one-piece  shell,  which 
serves  as  the  outer  raceway  and 
retains  the  rollers,  is  accurately 
drawn  from  carefully  selected 
strip  steel.  After  forming,  it  is 
carburized  and  hardened.  There 
is  no  further  grinding  or  other 


Illustrates  the  fact  that  for  a  given  housing 
- '  bore  size,  a  larger  and,  therefore,  stiffer 
shaft  can  be  used  with  Needle  Bearings  than 
with  a  roller  or  ball  bearing. 


>  Shows  the  greater  number  of  lines  of  con- 
tact in  the  load  zone  of  a  Needle  Bearing 
compared  with  a  ball  or  roller  bearing. 


operation  that  might  destroy  the 
wear-resistant  raceway  surfaces. 
The  full  complement  of  thru- 
hardened,  precision-ground 
rollers  is  retained  by  the  turned- 
in  lips  of  the  one-piece  shell. 


The  small  cross  section  of  the 
Needle  Bearing  allows  a  large 
shaft  which  permits  a  rigid  design 
with  minimum  shaft  deflection,  a 
factor  of  utmost  importance  to 
good  bearing  design. 


THE   TORRINGTON   COMPANY 

Torrington,  Conn,      •      South  Bend  21,  Ind. 
District  Offices  and  Distributors  in  Principal  Cities  of  United  States  and  Canada 


TORRINGTOli  AfffD/f  BEARINGS 


NEEDLE  •  SPHERICAL  ROLLER  •  TAPERED  ROLLER  •  CYLINDRICAL  ROLLER  •  BALL  •  NEEDLE  ROLLERS 
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Spherical  Building  to  House 
Submarine  Reactor 

The  saucer-shape  fouiulation  for  the 
225-foot  steel  sphere  that  is  to  house  a 
nuclear  suhmarine  power  plant  heing 
built  by  the  Atomic  Energy  Commis- 
sion for  the  U.  S.  Navy  has  been  com- 
pleted, and  work  on  assembling  the  hull 
of  the  land-based  prototype  submarine 
is  under  way,  the  Schenectady  Opera- 
tions Office  of  the  AEC  and  the  ( leneral 
Electric  Company  recently  announced. 

Known  as  the  Submarine  Intermedi- 
ate Reactor  (SIR),  this  project  is 
under  the  direction  of  the  Knolls  Atomic 
Power  Laboratory  operated  at  Sche- 
nectady for  the  AEC  by  the  Creneral 
Electric  Company.  The  reactor,  and  the 
sphere  enclosing  it,  are  being  built  on  a 
4,000  acre  site  at  West  Milton,  N.  Y., 
about  18  miles  north  of  Schenectady. 

The  spherical  design  of  the  reactor 
building  was  adopted  to  give  additional 
protection  to  operating  personnel  and  to 
off-site  areas  during  test  operations  be- 
yond the  many  safety  controls  of  the 
reactor   itself. 

Similar  str\ictures  are  widel\  used  in 
the  chemical  and  petroleum  industries, 
but  the  West  Milton  sphere  will  be 
the  largest  ever  constructed.  In  the  re- 
mote event  that  simultaneously  all  other 
controls  failed,  the  resulting  release  ot 
radioactive  material  would  be  contained 
in    the    sphere    which    will    ha\e    a    net 
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"free"  space  of  more  than  5.400,0011 
cubic  feet. 

The  outer  periphery  of  the  building 
will  be  706  feet.  The  sphere  will  rest 
on  the  concrete  saucer  just  completed 
which  is  179  feet  in  diameter  and  42 
feet  deep.  A  ring  of  steel  columns  set 
on  concrete  outside  the  structure  and 
reaching  to  the  middle  of  the  sphere  will 
give  further  support  to  the  building. 
Welded  steel  plates  will  make  up  the 
skin  of  the  ball.  The  plates  will  be  hoist- 
ed into  position  by  a  derrick  mounted  on 
top  of  a  temporary  central  steel  tower. 
The  derrick,  now  in  place,  reaches  up 
424  feet  above  ground  level. 

Every  weld  in  the  structure  must  be 
X-rayed  to  assure  that  there  are  no 
leaks.  To  do  this  on  the  bottom,  a  four- 
foot  space  is  provided  temporarily  be- 
tween the  base  of  the  sphere  and  the 
concrete  saucer.  After  testing  is  com- 
pleted, this  space  will  be  filled  with  con- 
crete and  aggregate.  Inside,  the  concrete 
floor  on  which  the  reactor  will  rest  will 
be  slightly  above  ground  level  and  the 
well  of  the  saucer  beneath  the  floor  will 
be  filled  with  compacted  mixture  of  ag- 
gregate and  earth.  The  reactor  building 
will  be  air  conditioned. 

As  soon  as  the  columns  arc  in  place, 
the  first  ring  of  plates  will  gird  the 
sphere  at  its  center  and  assembly  will 
proceed   both    upwards    :\nt\    downwards. 

.Meanwhile  the  hull  of  the  submarine 


will  be  assembled  just  outside  the  builii- 
ing  ,ind  when  the  latter  is  completed 
and  tested,  the  hull  will  be  skidded  into 
the  huge  ball  through  a  special  wall  sec- 
tion and   the  sphere  again  .sealed. 

The  Submarine  Intermediate  Reactor 
is  one  of  two  nuclear  science  approaches 
being  made  to  the  problem  of  utilizing 
■itonu'c  fuel  for  underwater  ship  pro- 
pidsion.  The  other  is  incorporated  in  a 
project  at  the  National  Reactor  Testing 
Station  in  Idaho.  The  reactor  designed 
for  the  West  Milton  site  will  use  li- 
quid sodium  metal  to  take  the  heat  out 
of  the  reactor  core  and  into  an  exchang- 
er or  "boiler"  where  water  will  be  con- 
verted to  steam.  The  steam  will  then 
dri\e  the  turbines  that  propel  the  sub- 
marnie. 

Design,  testing  and  scientific  support 
of  the  SIR  comes  from  the  Knolls 
.'\tomic  Power  Laboratory  here.  The 
Electric  Boat  Division  of  the  General 
Dynamics  Corporation  of  Groton,  Con- 
necticut, is  erecting  the  hull  and  power 
plant.  The  sphere  shaped  building  for 
the  reactor  is  being  built  by  the  Chica- 
go Bridge  and   Iron  Company. 

Magnetic  Chip  Remover 

A  new  GS  magnet  made  of  super- 
magnetic  alloy  offers  lifetime  perma- 
nence through  a  single  pole  magnetic 
process.  It  removes  chips  from  blind 
drill  and  top  holes  on  production  lines 
and  in  assembly  work.  Tool  and  die 
r.iakers    will    find    the    unit    helpful    in 


Chip  remover  and  carrying  case. 

normal  shop  work.  Assemblers  and  in- 
spectors find  the  unit  useful  to  test  coat 
of  surfaces  for  magnetic  properties  of 
the  under  material. 

The  unit  can  be  carried  in  the  pock- 
et, is  no  larger  than  a  fountain  pen.  It 
is  mounted  in  a  fibre  nonconductive 
case  with  a  pocket  clip  6'4"  long.  Model 
No.  15  is  J4"  diameter,  price  $.1.75, 
while  model  No.  16  measures  y^"  dia- 
meter, price  $6.50. 
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Vibration  Pickup  Calibrator 

An  instrument  which  calibrates  vibra- 
tion pickups  and  accelerometers  rapidly 
and  reliably  has  recently  been  devised 
by  W.  A.  ^'ates  and  \l.  Davidson  of 
the  National  Bureau  of  Standards  at 
the  request  of  the  Navy  Bureau  of 
Ships.  The  device  operates  on  the  prin- 
ciple of  the  mutual  inductance  trans- 
ducer, which  was  originally  de\eloped 
bv  the  Bureau  to  measure  small  dis- 
placements and  has  since  been  applied 
in  a  number  of  NBS  measurement  in- 
struments. The  instrument  has  an  ac- 
curacy of  5  percent  over  wide  frequency 
and  amplitude  ranges,  and  can  easily 
he  standardized  using  a  calibrated  dis- 
placement such  as  that  provided  by  a 
precision   dial   gauge. 

In  recent  years  the  widespread  use 
of  vibration  pickups  for  simultaneously 
monitoring  a  large  number  of  points 
has  introduced  a  serious  calibration 
problem.  Analysis  of  the  problem  has 
been  complicated  by  the  higher  frequen- 
cy components  of  vibration  and  resonant 
properties  of  the  pickups.  The  increase 
in  the  number  of  pickups  has  emphasized 
the  need  for  a  rapid,  reliable  means  of 
calibration  over  wide  ranges  of  frequen- 
cy and  amplitude.  Many  of  the  cali- 
bration techniques  now  in  use  are  limit- 
ed in  band  width  and  are  difficult  to 
standardize.       Others      require      tedious 


point-by-pcjint  measurement  .-uid  iinoKe 
a  considerable  problem  in  data  reduction. 
The  NBS  instrument  was  designed  to 
overcome  these   deficiencies. 

The  vibration  sensing  element  of  the 
NBS  instrument  is  a  stable  non-contact- 
ing displacement  transducer  of  mutual- 
inductance  type,  developed  by  M.  L. 
Greenough  of  the  NBS  staff  for  use 
in  other  instruments.  The  transdiicer 
utilizes  the  principle  that  the  field  sur- 
rounding a  coil  energized  with  alter- 
nating current  will  induce  current  in 
a  nearby  coil.  The  amount  of  current 
thus  induced  can  be  controlled  by  plac- 
ing a  conducting  shield  at  various  dis- 
tances from  the  latter  coil.  In  the 
normal  use  of  the  instrument,  this 
Bureau's  calibrator,  vibration  of  a  non- 
magnetic conductive  surface  with  re- 
spect to  a  probe  containing  the  two 
coils  and  a  carrier  detector  for  the 
secondary  winding  generates  an  a-c 
component  of  output  voltage  propor- 
tional to  the  amplitude  of  \ibration.  In 
a-c  component  is  measured  by  means 
of  a  stable  vacuum-tube  voltmeter,  pro- 
ducing a  reading  proportional  to  the 
amplitude  of  \ibration.  It  will  respond 
to  frequencies  from  10  to  20,001)  cps 
and  amplitudes  from  10  microinches  to 
0.01  inch.  This  is  an  acceleration  range 
of  2  X  lO-'g  to  4  X  UV'g. 

The    instrument    is    standardized    by 


chopping  the  detected  d-c  voltage  incre- 
ment produced  by  a  standard  mechan- 
ically measured  displacement  change,  in 
this  case  0.02  inch,  into  a  square  wave. 
Fed  into  the  same  a-c  peak-to-peak  volt- 
meter on  the  0.01 -inch  range,  the 
square  wave  is  equivalent  to  a  0.01 -inch 
peak  amplitude  of  vibration.  The  sensi- 
tivity of  the  \oltmeter  is  then  adjusted 
to  obtain  a  full-scale  reading.  The 
choice  of  a  displacement  as  an  absolute 
standard  for  the  instrument  was  made 
primarily  because  of  the  ease  with  which 
it  can  be  reprodticed  without  special 
equipment. 

The  use  of  a  displacement  transdticer 
in  this  application  presents  both  advan- 
tages and  problems.  The  principal 
difficulty  encountered  is  that  of  mount- 
ing the  probe,  since  the  mount  itself 
must  be  free  of  ambient  vibrations  if 
the  full  capabilities  of  the  instrument 
are  to  be  realized.  This  requirement 
is  met  by  using  sturdy,  rigid  brackets. 
An  advantage  of  this  type  of  transducer 
is  that  it  introduces  practically  no  load- 
ing on  the  vibration  generator.  Thus, 
the  generator  can  be  designed  solely  on 
the  basis  of  the  loading  imposed  by  the 
pickups  to  be  calibrated,  and  significant 
savings  can  be  achieved  in  equipment 
for    high-frequency   calibration. 

The  engineered  instrument  consists 
of  the  transducer  in  the  form  of  a  probe 


It's  been   Hke  that  ever  since  Pete  bought 
The  Technograph! 


MATERIALS-HANDLING  EQUIPMENT 

THAT  SPEEDS  WORK,  SPARES  MEN,  SLASHES  COSTS 

No  other  Mobile  Crane  of  this  type  has  all  the  features  of 
KRANE  KAR.  More  goes  into  KRANE  KAR  .  .  .  you  get  more 
out  of  KRANE  KAR  .  .  .  more  speed,  more  work,  more  safety. 
Loads  and  Unloads  freight  cars,  trucks,  trailers  .  .  .  Stacks  and 
Stores  .  .  .  expedites  Plant  Maintenance. 

KRANE  KAR  handles  steel  stock  and  forms  of  any  shape  or 
size  within  capacity  (or  scrap  when  equipped  with  magnet); 
transmission  coses,  motors,  crankcases,  transformers, etc.  Works 
in  tight  quarters,  low  headroom,  up  and  down  ramps  .  .  .  any- 
where, in  plant  or  yard.  Often  cuts  handling  costs  to  8{J  a  ton.* 

Safest  Crone  in  its  class,  minimizing  injury  risks  to  men, 
materials,  machine.  Self-Sfabilizing:  dangerous  use  of  jacks 
or  stabilizers  eliminated.  Aufomafic  Power  Cut-Off  ot  ex- 
treme positions  of  Boom-Swing  or  Topping.  Aufomatic 
Braking  of  Load  and  Boom  Lines.  No  Tail-Swing:  no  port 
of  Crane  passes  over  operator's  head.  'sdliRlS^ 
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ami  ail  encased  chassis  which  contains 
the  electronic  circuitry  and  to  which 
the  probe  is  attached  by  means  ot  a 
cable.  Direct  meter  indications  of  the 
peak  amplitudes  of  sinusoidal  vibrations 
are  given.  The  operation  of  the  instru- 
ment requires  that  the  probe  be  mounted 
at  a  fixed  distance  from  the  mean  posi- 
tion of  the  \ihrating  surface.  For  tliis 
purpose  a  merer  mdication  of  the  probe- 


pounds,  is  comparable  to  that  of  the 
orjianics,  as  are  their  elastic  moduli. 
Their  heat  resistance  and  dielectric  jirop- 
erties  qualit\'  them  as  Class  II  insulatinj; 
materials. 

The  properties  of  2 1  Ob-bonded  lam- 
inates particularly  suggest  their  use  in 
structural  parts  which  must  combine 
light  weight  and  higli  strength  at  ele- 
\  ated    temperatures.    While    U'ost    sam- 


Pieces   made   with   silicone-glass   bonding    resin 


to-surface  spacing  is  provided,  enabling 
the  operator  to  make  the  necessary  set- 
tings quickly.  This  adjustment  is  not 
nearly  as  critical  as  the  adjustment  re- 
quired by  capacitive  types  of  vibration 
transducers. 

High  Strength  Bonding  Resin 

\a>\\  p^^•^^urt■  silicdiic-glass  laminates 
with  initial  strength  and  stiffness  values 
approaching  those  of  the  organics  are 
being  made  with  a  new  bonding  resin: 
Dow  Corning  2106.  Typical  1,'H"  sam- 
ples (^O'/i  resin,  heat  cleaned  181 
cloth)  show  flexural  strengths  in  the 
range  of  50,000  psi  at  room  temperature 
even  before  curing. 

High  temperature  strength  is  obtained 
after  relatively  short  cures.  Optimum 
strength  is  attained  after  only  80  hours 
at  480F,  or  less  than  half  the  cure  for- 
merly required.  Flex  strength  of  10,000 
psi  at  500F  is  reached  in  only  6  hours, 
indicating  that  in  many  applications, 
these  laminates  may  he  cured  in  service. 
High  physical  strength  is  retained  after 
prolonged  aging  at  extreme  tempera- 
tures. 

Laminates  bonded  with  2106  resin 
are  highly  water  repellent  and  resistant 
to  many  common  inorganic  reagents. 
Their    bond    strength,     at     over     10(H) 


pies  to  date  have  been  laminated  at  30 
psi  or  less,  indications  are  that  laminates 
ma>'  also  be  produced  with  high  pres- 
sure  equipment. 

Turbine  Designers  Take  a  Look  at 
Super-Critital  Pressure  Steam 

Turbine  steam  conditions  continually 
edge  upwards.  Several  machines  are  op- 
erating at  pressures  between  2000  and 
2400  pounds.  All  the  largest  machines 
now  building  are  for  1000  or  1050  de- 
grees, and  this  year  Westinghouse  will 
have  a  1100-degree  machine  on  the  line. 

With  fuel  costs  showing  no  disposi- 
tion to  stop  rising,  the  urge  to  lower 
heat  rates  is  as  strong  as  ever.  Engi- 
neers are  casting  a  sharp  eye  up  into 
the  region  of  5000  pounds  and  temper- 
atures of  1200  degrees,  well  beyond  the 
portion  of  steam  tables  where  there  is 
experimental  proof  of  accuracy.  Actual- 
1\'  fundamental  research  on  steam  prop- 
erties at  these  temperatures  and  pres- 
sm'es  is  needed. 

At  3206  pounds  absolute  pressure 
and  at  705  degrees  F,  water  and  steam 
ha\e  equal  densities.  At  this  condition 
water  is  converted  directly  into  steam 
without  boiling.  There  is  no  change  in 
\olume,  no  latent  heat  of  vaporization. 
The   same  situation   also  exists   at  pres- 


sures exceeding  3206  pounds,  but  at 
temperatures  somewhat  greater  than  705 
degrees.  For  example,  a  boiler  produc- 
ing steam  at  a  pressure  of  3206  pounds 
or  more  needs  no  steam  drum. 

A  careful  study  is  being  made  of  a 
200,000-kw,  5000-pound  turbine,  with 
1200  degrees  initial  temperature  and 
two  reheats.  Karly  calculations  indicate 
that  by  cn:iiparison  with  a  machine  of 
that  rating  but  operating  at  2000  pounds, 
and  1100  degrees,  reheat  to  1050  de- 
grees, a  gain  in  o\erall  plant  efficiency 
of   five  to  six   percent  is  anticipated. 

Offhand  the  small  gain  in  efficienc\' 
might  not  seem  to  justify  the  difficulty 
and  cost  of  construction  that  such  a 
high  pressure  and  temperature  entails. 
However,  when  a  few  numbers  are 
looked  at  the  complexion  changes.  Even 
a  highly  efficient  200-megawatt  base- 
load  plant  consumes  about  500,000  tons 
of  coal  per  year.  With  fuel  prices  ex- 
isting in  .some  industrial  areas  of  the 
L^nited  States,  a  company  can  afford  to 
invest  about  a  third  of  a  million  more 
in  a  200-mw  plant  to  gain  one  percent 
in   efficiency. 

All  this  is  in  the  early  planning  stage. 
It  is  apparent  that  one  big  problem  is 
the  power  consumed  by  the  boiler  feed 
pump.  As  boiler  pressures  rises  the  en- 
ergy required  to  inject  water  into  it 
rises  at  a  sharp  rate.  For  example,  to 
service  a  200-mw,  5000-poimd  boiler 
by  a  conventional  type  of  pump  drive 
would  require  about  14,000-hp — or 
seven  percent  of  the  unit  output.  This, 
however,  is  but  one  of  the  problems  in- 
volved. Conspicuous  among  them  will 
be  an  integrated  boiler-and  turbine-con- 
trol system.  Any  such  plant  as  a  whole 
must,  of  course,  meet  the  test  of  oper- 
ational dependability  and  economic  jus- 
tificatujn. 

Stirring  Without  a  Rod 

A  new  way  of  stirring  the  melt  in  an 
electric  arc  furnace  has  been  developed. 
This  melt,  like  soup,  has  to  be  stirred 
to  speed  up  the  "cooking"  and  provide 
more  uniformity  of  the  bath.  Rut  just 
how  does  one  stir  a  "soup"  of  tons  of 
liqiu'd  steel?  Men  have  done  it  by  hand 
(rabbling),  and  cranes  sometimes  tow 
an  ingot  of  steel  around  in  the  melt, 
but  both  methods  have  obvious  draw- 
backs. 

With  a  d-c  excited  electro-magnet, 
Westinghouse  does  it  by  remote  con- 
trol. The  magnet  is  rotated  below  the 
arc  furnace.  The  strong  flux  field  en- 
ters the  furnace  from  one  pole,  passes 
through  the  melt,  and  so  out  to  the 
other  pole  of  the  magnet.  In  so  doing, 
it  creates  currents  in  the  steel  that  estab- 
lish a  circular  flow  within  it.  The  sys- 
tem requires  about  165  kw  for  the  ro- 
tating magnet,  which  is  driven  b\  a 
50-hp  motor. 
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Only  STEEL  can  do  so  many  jobs  so  well 


Visitor  from  Outer  Space?  No,  despitL-  Hs  strange,  other-woriaiy  appearance, 
this  is  no  product  of  extra-terrestrial  intelligence,  no  flying  saucer.  It's  a 
perfectly  practical,  very  down-to-earth  catalyst  collector  in  a  large  petroleum 
refinery.  Noteworthy,  however,  is  the  extensive  use  of  USS  Stainless  Steel  in 
its  fabrication ...  to  provide  corrosion  resistance  combined  with  great  strength. 


Amputations  Reduced.  This  new  surgical  damp,  hand- 
made of  sanitary  corrosion-resistant  Stainless  Steel,  can 
grasp  a  human  blood  vessel  or  artery  firmly  during  a 
delicate  operation  without  injuring  the  vessel  wall.  This 
stainless  steel  clamp  has  helped  to  reduce  substantially 
the  number  of  amputations  resulting  from  war  wounds. 


Handkerchief  Test  proves  that  you  cant  beat  this  drum 
lor  cleanliness!  Rub  a  clean  handkerchief  briskly  around 
the  inside  of  a  USS  Drum.  The  handkerchief  stays  clean. 
No  grease,  dirt,  scale  or  rust  show  up  to  contaminate 
drum  contents.  Why?  Because  of  a  new  U.S.  Steel  process 
that  results  in  drums  absolutely  clean,  completely  scale- 
free,  fully  rust  inhibited. 


TIlis  trade -marii  is  your  guide  to  quality  steel 


OPPORTUNITIES  with  U.S.  STEEL 


If  you're  thinking  about  what  you're 
going  to  do  after  graduation  ...  if 
you're  interested  in  a  challenging,  re- 
warding position  with  a  progressive 
company  .  .  .  then  it  wiU  pay  you  to 
look  into  the  opportunities  with  United 


States  Steel.  Your  placement  director 
can  give  you  more  details,  or  we'll  be 
glad  to  send  you  the  informative  book- 
let, "Paths  of  Opportunity."  United 
States  Steel  Corporation,  525  WiUiam 
Penn   Place,    Pittsburgh   30,    Pa. 


UNITED  STATES  STEEL 


For  further  infnrmatinn  on  any  product  menlinned  in  this  advertisement,  write  United  States  Steel,  52.5  William  Penn  Place,  Pittsburgh.  Pa. 
AMERICAN  BRIDGE  .  .  AMERICAN  STEEL  I  WIRE  and  CYCLONE  FENCE  .  .  COLUMBIA-GENEVA  STEEL  .  .  CONSOLIDATED  WESTERN  STEEL  .  .  GERRARO  STEEL  STRAPPING  .  .  NATIONAL  TUBE 
OIL  WELL  SUPPLY  .  .  TENNESSEE  COAL  i  IRON  .  .  UNITED  STATES  STEEL  PRODUCTS  .  .  UNITED  STATES  STEEL  SUPPLY   .  .  DivUiom  ol  UNITED  STATES  STEEl   CORPORATION,   PITTSBUR6H 
UNITED  STATES  STEEL  HOMES,  INC.    •    UNION  SUPPLY  COMPANY    •    UNITED  STATES  STEEL  EXPORT  COMPANY    •   UNIVERSAL  ATLAS  CEMENT  COMPANY  4-622 


How  Safe  is  Safe? 

.   .   .   an  editorial 


Af  the  recent  Illinois  Highway  Conference,  Governor  William  G.  Stratton  proclaimed  his 
dissatisfaction  with  the  traffic  accident  picture  in  this  State.  He  could  not  have  exposed  a 
more  sorry  landscape  to  the  public  view  and  one  to  which  that  same  public  contributes 
its    share    in    apathy    and    indifference. 

As  engineers,  we  hove  an  especial  interest  in  highways  and  in  traffic  accidents.  We  have 
designed  the  best  highways  consistent  with  modern  theory  and  turned  them  over  to  a  pub- 
lic that  has  been  used  to  the  country  lane.  Something  is  wrong  somewhere.  The  answer  lies 
partly  in  education  and  partly  in  enforcement.  It  is  foolish  to  open  a  new  expressway  through 
a  metropolitan  area,  where  speeds  are  high  and  congestion  is  at  a  minimum,  without  an  ex- 
tensive educational  campaign  advising  the  motorist  how  he  is  expected  to  act  on  the  new 
facility. 

We  might  print  up  a  Blue  Book  for  Expressway  Drivers.  This  would  tell  the  driver  how  an 
interchange  is  supposed  to  work.  What  ramps  go  where,  what  lanes  are  for  what  direction. 
The  highway  is  safe  enough  engineering-wise,  but  how  safe  is  safe?  It  must  be  safe  all 
around    or    it    should    be    closed    to    the    motoring     public.     Half    safe    isn't    good    enough     here. 

In  enforcement  the  same  ideas  come  into  play.  We  haven't  near  enough  police  officers 
to  patrol  every  inch  of  highway.  The  motorist  must  be  made  to  understand  that  he  is  his 
own  enforcement  officer.  He  operates  his  vehicle  in  an  intimate  social  relationship  with  every 
other  driver  and  pedestrian  whom  he  passes.  If  you  don't  believe  this,  try  driving  down 
the  wrong  side  of  the  road  sometime.  This  situation  calls  for  a  maximum  of  courtesy  and 
a  minimum  of  aggression.  It  isn't  really  much  different  from  a  social  gathering  in  your 
own  home.  People  can  be  made  to  feel  at  ease  while  driving  their  autos,  too.  We  can  op- 
erate our  vehicles  as  if  a  close  friend  were  at  our  side,  exercising  the  same  caution  at  all 
times   to    protect   his    life   and    limb. 

We  feel  that  an  extensive  courtesy  and  educational  campaign  could  do  much  to  restore 
confidence  in  the  delightful  privilege  of  operating  a  motor  vehicle.  It  should  be  a  pleasure 
to  drive  out  in  the  country  and  it  would  be  if  it  weren't  for  a  few  half-wits  who  have  made 
our   roads  seem    like   they   are   inhabited   with   inmates  from  an  asylum. 


Courtesy    means    safety.    Courtesy    brings    safety.  Safety  can   prevent  accidents.   That's  pretty 


safe. 


W.H.B. 
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Brig.  General  David  Sarnoff,  Chairman  of  the  Board,  Radio  Corporation  of  America 

Sees  No.  1  wish  come  true ! 


Television  Tape  Recording 
by  RCA  Opens  New  Era  of 
Electronic  Photography 

In  1956,  RCA's  General  Sarnoff  will 
celebrate  his  50th  year  in  the  field  of 
radio.  Looking  ahead  to  that  occa- 
sion, three  years  ago,  he  asked  his 
family  of  scientists  and  researchers 
for  three  gifts  to  mark  that  anniver- 
sary: (1)  A  television  tape  recorder, 
(2)  An  electronic  air  conditioner,  (3) 
A  true  amplifier  of  light. 

Gift  No.  1— the  video  tape  recorder- 
has  already  been  successfully  demon- 
strated, two  years  ahead  of  time!  Both 
color  and  black-and-white  TV  pictures 
were  instantly  recorded  without  any  pho- 
tographic development  or  processing. 


You  can  imagine  the  future  importance 
of  this  development  to  television  broad- 
casting, to  motion  pictures,  education, 
industry  and  national  defense.  And  you 
can  see  its  entertainment  value  to  you, 
in  your  o\yn  home.  Tliere  the  tape  equip- 
ment could  be  used  for  home  movies, 
and  — by  connecting  it  to  your  television 
set  — you  could  make  personal  recordings 
of  your  favorite  TV  programs. 

Expressing  his  gratitude  for  this  "gift," 
Gen.  Sarnoff  said  it  was  only  a  matter  of 
time,  perhaps  two  years,  before  the  fin- 
ishing touches  wnuld  bring  this  record- 
ing system  to  commercial  reality.  He 
described  it  as  the  first  major  step  into 
an  era  of  "electronic  photography." 

Such  achievements  as  this,  stemming 
from  continuous  pioneering  in  research 
and  engineering,  make  "RCA"  an  emblem 
of  quality,  dependability  and  progress. 


INTRIGUING    OPPORTUNITIES    FOR 
GRADUATING    ENGINEERS 

Vmi're  sure  to  find  t!ic  exact  typo  of 
challenge  i/ou  want  in  Engineering  De- 
velopment, Design,  or  Manufactnring  at 
BCA.  Men  with  Bachelors,  Master's  or 
Doctor's  degrees  in  EE,  ME,  IE  or  Phys- 
ics are  needed.  You'll  find  your  optinium 
career  rcork  among  the  hundreds  of  prod- 
ucts RCA  produces  for  the  home,  sci- 
ence, industry  and  Government. 

If  you  have  the  necessary  education 
and  experience,  you  will  be  considered 
for  a  direct  engineering  assignment.  Oth- 
erwise, you'll  participate  in  our  Special- 
ized Training  Program,  in  which  you 
can  ex-plore  RCA's  many  interesting  en- 
gineering operations  for  a  full  year. 

Your  rapid  professional  advancement 
is  enhanced  at  RCA  by  the  free  flow  of 
engineering  information. 

Write  today  to:  College  Relations, 
RCA  Victor,  Camden,  New  Jersey, 
Or,  see  your  Placement  Director. 


Radio  Corporation  of  America 

World  lender  hi  radio — first  in  telex'ision 
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our  cover 

The  Network  Analyzer  in  the  Electrical  Engineering  Depart- 
ment is  used  to  analyze  all  electrical  circuits  of  any  magnitude  or 
complexity.  The  cover  shows  the  artist's  conception  of  the  various 
control  panels  and  banks  of  resistors,  inductors,  and  capacitors. 

our  ironi'isp'iece 

With  Chicago's  famed  Soldier  Field  forming  a  backdrop,  a 
Caterpillar  10-ton  tractor  with  an  early  bulldozer  model  worked 
on  part  of  the  construction  of  the  Stadium  in   1924. 


Evolution  of  the  Crawler 


50  YEARS  ON 
TRACKS 


by  Don  Arnold 
E.E.  '55 


This  year  marks  the  fiftieth  amii\er- 
sary  of  the  worhi's  first  successful  track 
type  tractor.  It  was  in  1904  that  the 
first  practical  crawler  was  successfully 
tested  in  California.  This  unit  is  the 
forefather  of  some  340,000  crawlers 
which  are  now  working  in  many  fields. 

The  conception  of  the  crawler  came 
out  of  the  need  of  a  unit  with  compact 
power  that  would  not  be  bogged  down 
by  the  soft  soil  of  the  delta  lands  of 
California.  As  a  result  of  the  immense 
farms,  some  as  large  as  100,000  acres, 
combines  became  larger  and  larger.  Hen- 
jamin  Holt  of  the  Holt  Manufacturing 
Company  in  \H9^  made  a  behemoth  with 
a  50  foot  cut.  This  machine  was  pulled 
by  40  horses  and  was  operated  by  6 
men.  In  these  delta  areas,  horses  sank 
deeply  in  the  soft  soil  and  the  need  for 
more  compact  power  was  apparent. 

In  the  first  years  of  the  Twentieth 
Century,  Holt  attacked  the  problem 
from  the  angle  of  a  track-laying  tractor. 
This  idea  of  a  machine  that  laid  and 
picked  up  its  own  base  was  hundreds  of 
years  old,  but  the  principle  had  never 
been  successfully  applied  to  a  commer- 
cial \ehicle.  The  result  was  the  world's 
first  practical  track-type  tractor — testetl 
Thanksgiving  Day,   Nov.  24,   1904. 

Only  eight  of  these  steamers  were 
built.  In  1906,  the  gasoline  motor  re- 
placed the  steamer,  and  the  tractor  came 
into  demaml  for  loggers  and  buildeis, 
road   construction,    aiul   hauling    freight. 

Immediate  demand   for  the  evolution- 


ary machine  called  for  expansion  and 
the  purchase  of  a  new  plant  in  Peoria 
m  1909.  By  the  middle  of  1910,  there 
were  65  employees  at  the  Peoria  plants. 

During  World  War  I,  almost  10,000 
of  Holt's  Caterpillar  tractors  were  li- 
censed for  wartime  use.  Further,  his 
crawler  was  the  inspiration  to  General 
l',rnest  D.  Swinton,  inventor  of  the  tank. 

After  the  war,  the  government  dis- 
tributed most  of  the  tractors  to  the  var- 
ious state  highway  departments.  This 
year,  1919,  marked  an  all  time  peak 
of  26  million  farm  work  animals  and 
truK  the  beginning  of  the  end  for  "(^Id 
Dobbin." 

In  1925  the  Holt  and  Best  Cateipil- 
lars  combined  to  form  Caterpillar  Trac- 
tor Company  centered  in  Peoria,  Illinois. 
The  years  following  the  merger  saw 
rapid  development  and  an  increase  in 
new  working  tools  for  the  tractor — 
namely  rubber  tired  wagons  and  scrap- 
ers, bulldozers,  rippers,  pipe  layers, 
front-end  shovels,  and  a  variety  of  agri- 
cultm'al   machinery. 

Meanwhile,  in  the  late  1920s,  com- 
pany engineers  were  thinking  in  terms 
of  a  ne\\'  power  diesel.  tXer  a  million 
dollais  was  spent  in   research  which  pre- 


edeil   the   lirst  Caterpil 


ar  diesel  tractor 


E\en  in  the  throes  of  the  depression, 
reception  was  overwhelming.  In  April, 
1932,  one  of  the  new  tractors  went  to 
work  on  an  Oregon  ranch.  P'orty-six 
days  later,  the  tractor  finished  its  con- 
tinuous run.  It  had  traveled  3,500  miles 
and  plowed  6800  acres  ( 150  acres  daily) 
— at  an  average  fuel  consumption  of 
only  5.73  cents  per  acre!  This  machine 
dvibbed  "Old  Tusko  '  by  its  present  own- 
ers, is  still  operating  on  a  ranch  nearly 
twenty  years  later. 

News  of  the  unprecedented  diesel  eco- 
nomy— the  fact  that  these  new  engines 
burned  low  cost  fuel  and  less  of  it,  cut- 
ting 50  to  SO';  from  present  fuel  costs 
— spread  like  wildfire.  Because  of  the 
great  demand,  the  company  soon  entered 
the  diesel  engine  field. 

In  1933,  the  company  sold  more  die- 
sels  than  tractors  although  there  were 
more  models  of  gasoline  tractors.  By 
1936,  Caterpillar  employment  had 
soared  to  10,000—3,000  above  the  pre- 
(lepression  peak,  and  the  total  U.  S. 
diesel  prodtiction  rose  from  lOO.OOOHP 
in  1032  to  2,000,000HP  in   1937. 

Now  approximately  2,200,000  square 


The  first  practical  track-type  tractor  is  shown  above  as  it  was  being  tested 
near  Stockton,  Cal.  It  was  originated  by  Benjamin  Holt  in  1904. 
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Irrt  Ikivc  been  uilileil  to  tilt-  main  plant 
in  I'eoria.  The  new  diVsel  enginf  divi- 
sion, covering  halt  of  this  area,  is  con- 
sidered the  most  modern  in  the  world. 
In  1951.  plans  were  announced  to  build 
an  additional  halt-million  square  teet 
onto  the  joliet  plant  and  to  build  a 
37(),IHIU  square  feet  plant  in  York.  Pa. 
Again,  on  June  2.  195.3,  the  compain 
announced  a  new  :?45  million  expansion 
program  including  a  new  7(HI,()()li 
square  feet  plant  at  Decatur. 

Today.  Caterpillar  produces  12  diesel 
power  units  and  marine  engines  in  sizes 
up  to  5U0H1'  and  12  electric  sets  with 
outputs  up  to  315KW.  In  all.  there 
are  93  different  Caterpillar  products 
produced  by  some  2(),(H)(I  employees. 
21,1)00  of  which   are   located   at    Peoria. 

To  honor  the  crawler  on  its  50th 
birthday.  Caterpillar  is  conducting  a 
commemorative  program  with  the 
theme.  "5l)  Years  on  Tracks."  W.  K. 
Cox.  sales  promotion  manager  at  Cater- 
pillar, points  out.  "We  believe  this  is  a 
significant  milepost  because  the  crawler 
has  played  such  an  important  role  in  the 
progress  of  our  nation  both  peace  and 
war.  During  this  half  centur\.  it  has 
been  instrumental  in  the  development 
of  modern  methods  of  constructoin.  log- 
ging, mining,  and  oil  and  agriculture 
fields." 

Toda\  in  its  fiftieth  year,  on  ci\il 
or  military  projects,  the  crawler  is  busi- 
er and  better  than  before.  And  it  can 
look  back  on  an  outstanding  record  of 
accomplishment  in  the  progress  of  the 
last    5(1    \ears. 


History   of   Caterpillar 

edited  by  Don  F.  Kesler,  E.E.  '56 


It  was  in  18^'* — when  the  (  iold 
Rush  was  still  heaillines  and  oil  newlv 
disco\ercd  in  Pennsylvania — that  young 
Best.  21,  pimched  a  four-head  oxen 
team  across  the  Great  Plains.  Bad  luck 
hounded  him  for  the  following  10  years 
as  he  tried  gold  mining,  hunting  and 
sawmilling  in  the  (Jreat  Noithwest.  and 
failed  at  each  in  turn. 

In  1869.  he  took  charge  of  his  broth- 
er's ranch  near  Marysville.  California. 
At  the  time,  grain  was  hauled  from  the 
Best  fields  to  Marys\ille  for  cleaning, 
the  charge  being  three  dollars  per  ton. 
Best  wondered,  "Why  not  bring  the 
cleaner  to  the  grain  instead?" 

During  the  winter  of  1869-1870,  he 
built  three  cleaners  which  proved  in- 
stantly successful.  Such  was  the  demand 
for  these  machines  that  Best  opened  a 
factorv  for  their  manufacture  in  Marvs- 
ville.  ■ 

For  some  years,  several  larger  Cali- 
fornia growers  had  been  attaching  head- 
ers and  threshers  to  Best  equipment  in 
an  attempt  to  field-process  wheat  from 
standing  grain  to  sack.  Best  had  dreamed 
of  building  his  own  combined  harvester 
in  the  early  seventies;  it  was  no  surprise 
to  his  friends  when  he  began  experiment- 
ing in  1884  and  produced  and  sold  his 
first  machine  in  1885. 

In   the  meantime,    the   Holt   brothers 


\\err  making  sinnlar  progress  in  San 
Francisco  and  Stockton.  California. 
Charles  Holt  left  Concord,  New  Han\p- 
shire,  in  1863,  sailing  for  Panama  on 
a  tramp  steamer.  The  \oung  pioneer, 
age  20.  plodded  across  the  Isthmus  and 
headed  for  San  Francisco.  Here,  he  first 
worked  at  odd  jobs  .  .  .  later  teaching 
school  in  Hydesville.  California,  b\  day. 
and  keeping  books  in  the  local  general 
store  by  night. 

In  1869,  having  saved  $700,  Holt  re- 
turned to  San  Francisco  and  established 
C.  H.  Holt  ^  Compan\,  "Importers  of 
hardwood  lumber.  '  He  was  soon  joined 
by  brothers.  William  and  A.  Frank 
Holt.  In  1873,  the  fast  growing  firm 
founded  an  East  Coast  factory  in  Con- 
cord, the  family  home,  for  manufacture 
of  wheels,  bodies  and  other  wagon  parts. 
Benjamin  Holt,  only  24  and  alread\ 
the  ablest  engineer  and  mechanic  of  the 
family,  helped  run  the  business. 

During  the  following  decade,  it  be- 
came apparent  that  wood  products  of 
the  East  did  not  receive  proper  season- 
ing for  the  hot,  dry  western  climate. 
Wheels  shrank,  warped  and  fell  apart 
under  the  merciless  heat  and  sand. 
Charles  Holt  decided  to  manufacture 
wheels  and  other  articles  for  wagon 
assembly  on  the  W'est  Coast  in  a  loca- 
tion   where     hardwoods     could     season 


To  combat  the  problem  of  soft  soil  this  special   steam   powered   unit  was   built   by  the   Holt 
Manufacturing  Company 
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prnperly.  The  Stockton  Wheel  Company 
was  the  result,  established  in  that  cit\ 
in  1883.  Renjaniin  Holt  came  west  to 
superintend  the  new  works. 

The  Concord  factory  was  disposed  of 
three  years  later.  By  this  time,  Chailes 
and  Ben  were  the  only  brothers  in  the 
business,  Charles  managing  the  old  ,San 
Francisco  firm,  now  called  "Holt  Hros. 
Compain." 

Products  of  the  Stockton  plant  wvrc 
monuments  to  Ben  Holt's  in\enti\e  \er- 
satilit\.  The  ISSOs  saw  wagons,  carts, 
wheels,  farm  implements,  blacksmith  and 
building  supplies  not  to  mention  rail- 
road cars  and  street  cars,  both  horse- 
drawn  and  electric!  In  1886,  the  first 
"Holt  Bros.  Link  &  V-Belt  Combined 
Har\ester"  appeared  on  the  agricultural 
scene. 

Combines  of  that  day  were  grovjnd 
driven;  that  is,  internal  machinery  was 
geared  or  belted  to  one  of  the  groimd 
contact  wheels.  To  get  around  vineven 
operation  as  horses  speeded  or  slowed. 
Rest  patented  an  ingenious  blast  fan  go\- 
ernor  which  maintained  constant  blast 
pressure  against  cleaner  elements  irre- 
spective of  the  \ariable  speed  of  horse 
travel.  In  1889,  he  sold  his  first  steam 
powered  combined  harvester. 

Ben  Holt  perfected  the  sidehill  har- 
\ester  in  1891.  Now  for  the  first  time, 
the  combine  could  go  almost  anywhere 
a  horse  coidd  go — and  still  operate  ef- 
ficiently. This  development  made  profit- 
able grain  farming  a  reality  on  hiuidreds 
of  thousands  of  sloping,  untilled  acres 
across  the  Pacific  Northwest.  One  of  the 
sidehill  machines  was  shipped  to  .Aus- 
tralia in   1894. 

The  later  years  of  the  nineteenth  ccn- 
tur\'  witnessed  great  interest  in  land 
reclamation  in  the  Sacramento  and  San 
Joaquin  River  Valleys.  Some  of  the 
farms  in  the  area  covered  as  much  as 
loo, ()()()  acres.  Here  also  was  delta  farm- 
land stretching  mile  after  mile  without 
a  tree  or  rock — a  promise  of  wealth  to 
any  who  could  plant  or  har\est.  (Old 
timers  spin  \arns  of  ranches  so  huge 
\ou  could  start  plowing  and  then  har- 
\est  on  the  return  trip.)  Horses  was 
not  the  answer  to  the  need  for  more 
usable  power  in  the  soft  deltas. 

Was  steam  the  answer?  Best  and  Holt 
led  the  West  Coast  in  production  of 
steam  traction  engines  during  the  "Big 
Steam  Era,"  1890-1910.  Best  sold  his 
first  steamer  in  Februarv,  1889.  Holt 
followed  with  "Old  Betsy"  in  1890,  an 
engine  that  incorporated  his  famous 
steering  clutches  (patented  the  folhiw- 
ing  year),  and  which  operated  summer 
and  winter  for  the  subsequent  quarter- 
century.  With  the  steam  traction  en- 
gines, daily  harvest  totals  occasionally 
ran  as  high  as  125  acres  and  4,000 
bushels. 

But,  as  capacit\  increased  weight 
climbed      accordingly,      many     steamers 


eclipsing  the  2()-ton  mark.  And  as  weight 
increased,  wheels  mired  even  deeper  into 
the  soft  delta  soil.  To  combat  this  ten- 
dency and  provide  increased  bearing  area, 
both  companies  added  larger  and  largei' 
wheels.  Holt  .Manufactvn'ing  Company 
built  a  behemoth  with  three  six-foot- 
wide  wheels  on  either  side,  each  being 
7'6"  in  diameter.  (Overall  tractor  width 
was  4.V8"! 

In  the  first  years  of  the  Twentieth 
Century,  Benjamin  Holt  began  to  ap- 
proach the  traction  problem  from  a  dif- 
ferent   angle.    The    need    for    a    prime 


vince  of  the  truck,  it  literally  built  itself 
out  of  a  market. 

Immediate  demand  for  the  revolution- 
ary machine  called  for  e.xpansion  of 
Stockton  facilities  and,  in  1909,  purchase 
of  a  new  plant  in    Peoria.  Illinois. 

Business  began  to  climb  the  follow- 
ing year,  primarily  because  of  foreign 
orders.  Casteran  Hermanos,  Holt's  Ar- 
gentine dealer,  succeeded  so  well  in  pop- 
ularizing the  track-type  tractor  that  a 
standing  order  of  1  S  crawlers  per  month 
was  placed  with  the  Peoria  factor\.  Dr. 
Leo  Steiner  of   Hungary  became   Holt's 


Thousands  of  crawlers  were  used  during  World  War  I  to  haul  personnel, 
artillery  and  supplies  across  the  battlefields  of  two  continents.  Here  a  Cater- 
pillar "75"  pulls  a  huge  howitzer  across  battle  terrain. 


mo\rr  ot  larger  ground  contact  area, 
\et  with  high  mancu\eiabilit\ ,  led  him 
to  the  idea  of  a  track-laying  tractor. 

Holt  ingeniously  combined  known 
ideas  and  created  new  ones,  mounting 
a  pair  of  rough  tracks  on  a  steam  en- 
gine from  which  wheels  had  been  re- 
mo\ed.  The  crawler,  a  40HP  machine, 
would  pull  four  gangs  of  plows  two 
inches  deeper  than  the  Holt  60HP 
wheel   model   could   pull   three  gangs! 

In  1906,  steam  power  was  replaced 
by  gasoline,  and  the  new  crawler  be- 
came more  versatile  and  cheaper  to  oper- 
ate. Though  its  first  market  was  the 
farm,  it  eventually  became  a  time-saving 
tool  for  loggers  and  builders.  In  those 
days  when  motor  trucking  and  road  con- 
struction were  still  in  their  infancy,  the 
crawler  was  much  in  demand  for  over- 
land freighting  as  well.  Later,  as  it 
helped  construct  the  roads  that  made 
short  haul   freighting  the  exclusive  pro- 


first  F.uiopean  dealer  in  |9|2  and  im 
mediateh  placed  orders  for  40  ma- 
chines. 

The  year  1908  marked  the  sale  of 
Best  facilities  to  Holt  and  the  end  of 
intense  Best-Holt  rivalry.  Not  for  long, 
however,  1910,  C.  L.  Best,  son  of  Dan- 
iel, organized  the  C.  L.  Best  Gas  Trac- 
tion Co.,  at  Elmhurst,  California,  for 
the  manufacture  of  v\heel-type  tractors. 
After  three  \ears,  he  marketed  his  first 
crawler,  the  Best  "75,"  and  competition 
between  Best  and  Holt  interests  became 
keener  than  ever  before. 

In  1919,  th  Best  "Sixty"  was  brought 
out,  introducing  anti-friction  roller  bear- 
ings in  transmission  and  track  roller 
frame. 

In  the  ensuing  five  years,  both  Holt 
and  Best  sales  orgaiu'zations  were  wide- 
h'  expanded,  products  becoming  well 
known  all  over  the  L^.  S.  and  in  main 
foreign  countries.  The  track-type  tractor 
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led  the  j;iniit  load  hijililiiiK  bnnni  nt 
this  period. 

In  192S,  the  lliilt  aiul  Best  organiza- 
tions combined  to  form  Caterpillar 
Tractor  Co..  and,  because  of  geographi- 
cal aiKantagcs,  manufacturing  was  cen- 
tered at  IVoria,  Illinois.  C.  L.  Best 
was  named  chairman  of  the  board;  the 
merger  was  engineered  by  H.  H.  Fair, 
West  Coast  financier  and  present  board 
diairman.  Caterpillar  executive  offices 
were  moved  from  San  Leandro  to  Pe- 
oria in  1930. 

The  years  immediately  following  the 
merger  saw  rapid  development,  not  only 
in  the  crawler  tractor  itself,  but  also  in 
the  equipment  designed  to  work  with 
it.  New  tools  appeared  in  front,  in  back 
and  on  top  of  the  crawler — rubber-tired 
wagons  and  scrapers,  bulldozers,  rip- 
pers, pipe  layers,  front-end  shovels  and 
a  great  \ariet\  of  agricultural  machin- 
ery. 

After  the  merger.  Caterpillar  de- 
\oted  more  and  more  engineering  and 
manufacturing  to  the  needs  of  the  con- 
structif)!!  man  and  road  builder.  1  (i 
round  out  product  line  and  further 
strengthen  its  backgroimd  of  road  build- 
ing experience.  Caterpillar  Tractor  Co., 
acquired  the  Russell  Grader  Manufac- 
turing Company  of  Miiuieapolis  in  l')2iS. 
Russell,  organized  in  19(13,  hail  helped 
pioneer  the  development  of  elevating 
graders,  blade  graders,  self-propelled 
motor  patrols,  scrapers  and  portable 
crushers. 

At  first.  Caterpillar  continued  the 
Russell  Motor  Patrol,  a  machine  de- 
signed for  moimting  on  a  crawler  trac- 
tor base.  In  1931,  production  of  this 
model  was  stopped.  In  its  place,  Cater- 
pillar offered  the  auto  patrol,  integrat- 
ing important  features  of  previous  grad- 
ers, but  introdvicing  a  product  complete- 
ly redesigned.  Placing  the  engine  be- 
hind the  operator  was  one  of  many  in- 
novations. The  machine  took  on  a  new- 
look  with  engine  up  out  of  the  dirt, 
more  weight  over  driving  wheels,  me- 
chanical power  cnnti'ols  ami  rigid  axle 
dri\e. 

I  he  auto  patrol  created  new  markets 
and  methods  for  construction  men  and 
caused  demand  for  a  heavier,  more  pow- 
erful machine  capable  of  full-fledged 
construction  work.  The  \ersatile  Cater- 
pillar Motor  (n'adei',  fiist  marketed  in 
1938,  was  the  answer. 

News  of  unprecedented  iliesel  eco- 
nomy— the  fact  that  these  new  engine■^ 
burned  low-cost  fuel  and  less  of  it,  cut- 
ting SO  to  80"^;  from  fuel  bills — spread 
like  wildfire.  Becau.sc  of  the  great  de- 
mand, the  company  soon  entered  the 
diesel  engine  field,  supplying  diesel  pow- 
ered tractors  and  road  machinery  to  the 
agricultural,  construction,  logging,  in- 
dustrial and  governmental  markets ;  and 
diesel  engines  to  sawmills,  cotton  gins, 
rock   crushers,    irrigation    imnips,    indus- 


tiial  pl.uits  and  uianutai  turer-N  of  power 
dri\en  equipment  such  as  excavators, 
compressors,  drill  rigs  and  locomotives. 
Later,  special  marine  diesels  an<l  iliesel 
electric  .sets  v\'ere  added  to  the  fa>t- 
growing  line. 

All  o\er  the  wiirld,  the  new  diesel 
crawler  maishaU'd  a  succcsslid  strug- 
gle to  send  forth  earthmo\ing  costs 
plununeting  .  .  .  on  such  well  known  un- 
dertakings as  the  Prince  Albert  Canal, 
Zuiiler  Zee,  ( irand  Coulee  and  Fort 
Peck  dams,  PeiuisyK  ania  Turnpike  and 
"Hig    Inch"    Pipeline. 


Holt  got  av^ay  from  the  bulky  steam 
engine  in  1906  when  he  built  the 
first     gasoline      powered      crawler. 

1  he  beginning  of  World  War  II 
brought  a  new  need  for  tractors  and 
road  machinery  to  biu'ld  airports,  mili- 
tary roads  and  war  plants;  to  clear  land 
and  haul  supplies;  to  hit  the  beach  with 
the  first  waves  of  amphibious  landings 
...  a  need  for  engines  and  electric  sets 
to  furnish  light  and  power  for  ad\ance 
bases,  isolated  locations  and  bombed-out 
areas. 

In  addition,  the  company  was  asked 
to  produce  tank  transmissions,  howitzer 
carriages,  shells  and  other  war  mater- 
ials. A  subsidiar>',  the  Caterpillar  Mili- 
tary hngine  Conipan\',  was  formed  to 
ojieratc  a  plant  in  Decatur,  Illinois,  for 
manufacture  or  radial  diesel  tank  en- 
gines. However,  wartime  need  for  stand- 
ard Caterpillar  products  was  ,so  acute 
that  both  Decatur  and  Peoria  abandoned 
-special  production  and  concentrated  on 
the  pre-war  line. 

As  in  W^orld  War  I,  the  Catcrpillai- 
track-type  tractor  became  a  familiar  sight 
on  World  War  II  Allied  fighting  fronts 
all  o\cr  the  world.  .Military  construc- 
tion men  found  it  an  indispensable  tool, 
particularly  for  the  rapid-schedule  air- 
field and  road  construction  needs  of  Pa- 
cific island  warfare. 

After  the  war  a  huge  expansion  pro- 
gram was  immediately  launched  to  han- 
dle increased  demand  and  build  post- 
war   additions    to    the    conipan\     line — 


bulldozers,  scrapers,  rippers,  wagons  and 
power  controls.  A  giant  new  plant  in 
Joliet,  Illinois,  now  manufactures  this 
equipment. 

On  December  19,  I9SI,  Mr.  Neumil- 
ler  announced  acquisition  of  the  Track- 
son  C'omparn  of  Milwaukee.  The  well- 
known  Wisconsin  firm  is  operated  as  a 
wholly-owned  subsidiary  and  continues 
to  manufacture  front-end  shovels  and 
side-boom  pipe  lasers  as  auxiliary  equip- 
ment for  Caterpillar  Diesel  Tractors. 
Tra'kson's  two  plants  occup\'  about 
I  SO, (100  square  feet  of  manufacturing 
and  office  space  and  employ  approxi- 
mately 600  people. 

In  total,  capacity  to  manufacture  ma- 
chines and  parts  has  been  more  than 
doubled  since  Jaiuiary  I,  1946 — at  a 
cost  of  over  $150  million.  Dollar  sales 
volume  for  1953  ($433.8  million)  was 
almost  3 J/   tiines  that  of  1946. 

The  entire  Caterpillar  parts  operation 
is  geared  to  qinck  deli\ery  of  qualitx 
parts.  Under  the  company's  vuiusual  "No 
(  )rphans"  policy,  parts  are  regularly  sup- 
plied for  machines  still  operating  in  the 
field   after  more  than  30  years'  service. 

On  June  2,  1953,  the  company  an- 
nounced a  $45  million  expansion  pro- 
gram, including  extensi\e  retooling  and 
rearrangement  at  present  plants  and  a 
new  7(10,0011  square  foot  plant.  The  site 
at  Decat\ir,  Illinois,  was  selected  the 
following  month.  The  latter  will  be  de- 
voted to  the  manufacture  of  motor  gra- 
ders and  industrial  wheel  tractors.  Con- 
struction will  begin  early  in  1954  and 
the  plant  is  expected  to  be  operating  late 
the  following  year. 

In  1954,  its  fiftieth  year  of  signifi- 
cant accomplishment,  the  track-type  trac- 
tor is  busier  and  better  than  ever  be- 
fore. The  world's  number  one  earth- 
mover,  it  is  a  dynamic  symbol  of  indus- 
trial progress. 

With  the  crawler  tractor  as  central 
tool,  price  of  the  common  exca\ation 
yard  on  U.  S.  highways  has  dropped 
25 "^f  since  1900 — in  the  face  of  greatly 
increased  personnel  and  product  costs. 
Because  of  the  crawler,  logs  are  coming 
out  of  the  woods  quicker  and  cheaper 
.  .  .  crops  are  growing  on  hills  and 
marginal  lands  where  none  grew  before 
.  .  .  pipelines  are  linking  oil  and  gas 
fields  to  cities  in  an  e\er  expanding 
web. 

Now  we  find  track-t\pe  tractors 
woiking  on  ci\ilian  and  military  roads 
.  .  .  clearing  streets  and  saving  lives 
when  winter  comes  calling  .  .  .  build- 
ing dains,  airports,  and  levees  .  .  .  till- 
ing and  terracing  our  farmland  .  .  . 
working  in  deserts  and  forests  and  ice- 
lands  .  .  .  erecting  bridges  and  build- 
ings .  .  .  powering  crushers,  cotton  gins, 
shrimp  boats  and  public  utilities.  Where- 
ever  there  is  construction  progress  or 
pioneering  there  will  be  found  a  crawler 
tractor. 


10 


THE  TECHNOGRAPH 


Change  your  oil?  Change  your  oil? 
CHANGE  YOUR  OIL?  Every  one 
or  rvvo  thousand  miles  you  change  the 
oil  in  your  car.  Under  adverse  condi- 
tions you  may  change  it  more  often,  (^r 
perhaps  you  conveniently  forget  and 
don't  cliange  it  quite  so  often.  In  an\ 
case  there  are  thousands  upon  thous- 
ands of  quarts  of  oil — dirty,  grimy,  di- 
luted,  weakened  oil — removed  from 
cars,  trucks,  buses,  trains,  airplanes,  and 
machinery,  every  da\'  of  the  week.  What 
happens  to  all  this  oil?  Surely  it  must 
have  some  value. 

Much  of  this  oil  may  be  discarded — 
wasted — but  sometimes  it  is  salvaged  in 
some  manner.  It  may  be  reclaimed.  That 
is,  impurities  such  as  solid  carbon,  gaso- 
line, road  dust,  and  water  are  removed 
by  filtration  and  low  heat  treatment. 
Hut  more  and  more,  the  oil  is  being  re- 
lefiiied.  In  re-refining  all  impurities,  in- 
cluding oxidation  products,  dissolved  in 
the  oil,  are  remo\ed  by  a  refining  pro- 
cess similar  in  many  respects  to  that 
given  virgin  oil. 

A  u.setl  oil  properly  treated  is  as  good 
as  or  better  than  new  oil.  According  to 
W.  S.  Boynton  of  the  Wright  Aero- 
nautical Corporation,  "Re-refined  oil 
ma\  be  used  over  and  over  again  and  is 
usually  preferred  to  new  oil.  It  has 
more  body,  the  volume  consumed  is  not 
so  great  as  with  new  oil,  and  it  has  bet- 
ter lasting  and  holding  qualities."  Re- 
refining  of  used  oil  is  based  on  the  fact 
that  oil  does  not  wear  out  or  break  down 
to  any  great  extent.  Dr.  Winslow  Her- 
schel,  associate  physicist,  Bureau  of 
Standards,  states,  "Oils  do  not  wear  out 
mechanically ;  they  do  not  wear  out  in 
the  sense  of  wear  in  a  rope,  in  which 
the  length  of  fiber  has  been  shortened 
and  which  cannot  again  be  made  as  use- 
ful as  when  new."  When  used  in  an 
engine,  oil  becomes  adulterated  with 
suspended  solid  impurities  and  dissolved 
liquid  impurities.  The  removal  of  these 
impurities  by  correct  re-refining  meth- 
ods renders  the  oil   fit   for  use  again. 

Re-refining  of  oil  is  becoming  big 
business.  As  early  as  World  War  I  it 
was  tested  and  proved,  and  now  re-re- 
tuuiig  of  crankcase  drainings  is  a  prac- 
tice accepted  by  thousands  of  commercial 
oil  users.  In  a  recent  year  almost  eighty 
million  gallons  of  high  grade  lube  oil 
were  re-refined  and  put  back  into  use. 
Most  of  the  oil  re-refining  is  done  as 
"custom  jobs"  for  industries,  airlines, 
railroads,  trucking  concerns,  bus  and  cab 
companies,  public  utility  companies,  and 
the  like.  The  oil  is  collected,  treated 
separately,  and  returned  to  the  company. 
.•\bout  sevent>-five  percent  of  the  re- 
refmers'  business  is  done  with  commer- 
cial users.  Collecting  used  oil  for  re- 
letining  and  sale  at  filling  stations  is  a 
hifihly  localized,  difficult,  and  rather 
lii^h  cost  method  of  operation. 

It    has   proved   profitable    for   certain 
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major  oil  users  to  do  their  own  re-refin- 
ing. Some  of  the  major  airlines  like 
American  Airlines  and  Pan  American 
Airways  operate  their  own  re-refineries. 
(Others,  like  Eastern  Airlines,  send  their 
oil  to  a  commercial  re-refiner,  since  com- 
mercial refiners  are  able  to  restore  oil 
to  any  required  specifications.  A  major 
customer  of  the  commercial  oil  re-refin- 
ers is  the  L'nited  States  Air  Force,  which 
in  a  recent  year  sent  out  2,70U,OO()  gal- 
lons of  used  oil  for  reprocessing.  This 
operation  reportedly  saved  the  taxpayers 
5';60(),()00,  and  today  the  Air  Force  gets 
top  grade  oil  for  approximately  20  cents 
a  gallon.  During  the  recent  war,  re- 
refining  returning  1, ()()(), 000  gallons  of 
crankcase  drainage  a  month  to  top  grade 
aircraft   engine  oil   specifications. 

Re-refined,  or  "further  refined"  oil, 
as  it  may  more  properly  be  called,  is 
actually  "triple-refined."  It  is  original- 
ly refined  from  the  crude;  it  is  further 
"refined"  in  the  crankcase  of  the  car, 
where  the  remaining  sulfur  is  oxidized 
and  the  weaker  hydrocarbon  molecules 
are  broken  down ;  and  it  receives  its 
third  refining  in  the  re-refining  process, 
where  these  impurities  are  removed 
along  with  other  accumulations.  For  the 
refiner  of  crude  oil  to  carry  his  refining 
process  to  the  extent  to  which  it  is  car- 
ried in  the  crankcase  of  a  car  would  be 
economically  unfeasible. 

The  re-refining  of  used  oil  generally 
follows  the  pattern  of  either  the  steam 
distillation  process  or  the  newer,  lower 
temperature,  vacuum  distillation  pro- 
cess, both  of  which  are  used  by  the  pe- 
troleum industry  to  refine  crude  oil. 
The  steps  in  both  processes  are  essential- 
ly the  same,  except  for  the  temperature 
and  pressure  at  which  distillation  and 
fractionation  occur.  Basically  the  steps 
ma\  be  broken  down  as  shov.n  below : 
removal  of  water  and  solid  particles  by 
dehydration  and  settling;  sulfuric  acid 
treatment  to  precipitate  gums,  grease, 
and  other  matter;  alkaline  treatment  to 
neutralize  acid  compounds;  water  wash 
to  remove  soaps  formed  in  neutraliza- 
tion ;  mixing  with  special  clays  such  as 
Fuller's  Earth  to  bleach  the  oil  and 
absorb  certain  impurities;  distillation  to 
drive  off  light  ends,  moisture,  and  other 
volatiles;  filtering  to  remove  clay  and 
other   solids;    and    blending    to    desired 


specifications  and  the  use  of  additives. 

In  the  re-refining  process  75  to  90 
per  cent  of  the  drainings  to  be  processed 
are  usually  recaptured  as  good  oil.  The 
oil  may  be  re-refined  many  times.  Some 
oil  in  (ireyhound  buses  has  been  lubri- 
cating pistons  for  200,000  miles.  The 
process,  while  removing  the  impurities, 
usually  removes  all  traces  of  additives 
put  in  by  the  refiner  of  the  crude  oil. 
In  most  cases  only  fifty  per  cent  of  the 
original  amount  of  additives  has  to  be 
added  to  the  re-refine  doil  to  produce 
an  oil  of  the  same  qualit\. 

Aside  from  the  prevalent  misconcep- 
tion that  oil  wears  out,  re-refiners  ha\e 
other  false  ideas  to  overcome.  The  con- 
fusion existing  between  reclaimed  and 
re-refined  oil  and  the  tendenc\  to  identi- 
fy the  two  as  one  has  hurt  the  re-refin- 
ers' business.  Reclaiming  methods  are  in- 
complete and  inadequate,  and  are  often 
based  solely  on  the  removal  of  visible 
solids.  Various  methods  of  filtration, 
such  as  through  earths,  sands,  sawdust, 
papers,  rags,  fibers,  porous  blocks,  and 
the  use  of  centrifuges  have  been  tried  to 
obtain  this  removal.  Since  many  of  the 
harmful  impurities  found  in  used  oils 
such  as  moisture,  diluents,  tars,  and 
resins  can  not  be  properly  extracted  b\ 
filtration,  reclaimed  oils  have  not  been 
able  to  live  up  to  the  impossible  claims 
made  for  them,  resulting  in  prejudice 
against  re-refined  oil.  With  proper  re- 
refining  these  aluterants  and  diluents 
are  eliminated,  giving  the  used  oil  the 
body,  viscosity,  viscosity  index,  and 
other  properities  of  new  oil.  The  vis- 
cosity index  is  a  measure  of  the  degree 
of  change  of  viscosity  with  temperature 
changes,  a  high  index  indicating  a  small 
amount  of  variance.  A  good  qualit\  light 
or  medium  weight  oil  will  have  a  vis- 
cosity index  of  90  or  above. 

Another  problem  faced  by  the  re- 
refiner,  which  is  of  more  concern  to 
the  average  motorist  than  to  the  com- 
[nercial  user,  is  a  disbelief  b\  the  bu\- 
ing  public  in  the  re-refiner's  ability  to 
produce  an  oil  of  consistent  quality. 
With  the  commercial  used  he  does  not 
face  this  problem,  since  the  oil  he  re- 
ceives from  the  is  usually  of  a  standard 
quality  to  begin  with,  has  generally  been 
used  in  a  similar  manner  each  time,  and 
is  most   likely   removed   after   a   defim'te 
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period  of  service.  The  re-retiner  thru 
treats  each  batch  separately  as  it  ar- 
rives. Furthermore,  the  commercial  user 
sets  specifications  and  usually  has  a 
means  of  periodically  testing  the  re- 
refined  oil  to  see  that  these  specification 
are  met. 

However,  the  re-refined  oil  that  the 
motorist  buys  at  the  local  tilling  >tati()n 
has  had  varied  backgrounds.  It  \\  a> 
picked  from  a  garage  pit  where  all  t\pes 
of  oil  were  dumpe<l,  where  the  best  and 
the  poorest  grades  have  been  intimately 
nu'xed.  It  is  hard  to  believe  that  out  of 
this  hodge-podge  the  re-refiner  can  pro- 
duce an  oil  day  after  day  with  consistent 
qaulity.  Yet  that  is  exactly  what  he  does. 

Although  crude  oil  nia\'  be  either  an 
asphalt  base  or  a  paraffin  base  oil,  many 
oils  are  a  nu'xture  of  the  two  and  the 
main  difference  between  brands  and  the 
various  grades  of  new  oil  is  the  degree 
to  which  refining  has  been  carried  out 
and  the  amount  of  additives  used.  The 
refining  proce.ss  that  takes  place  in  the 
crankcase  of  the  car  tends  to  equalize 
the  differences  in  the  degree  of  original 
refining,  and  the  re-refining  process  re- 
moves all  the  additives.  This  means  that 
the  re-refiner  can  depend  upon  a  fairly 
consistent  product  and  can  count  on 
making  up  any  differences  by  the 
amount  of  additives  that  he  uses.  Also, 
the  re-refiner  has  found  that  he  can  de- 
pend   upon   collecting    from    the   filling 


stations  a  mixture  of  oils  having  a  fair- 
1\  constant  content.  Thus  he  is  able  to 
standardize   his   process   to  .some  degree. 

The  above  facts  still  give  the  motor- 
ist no  assurance  that  he  can  depend 
upon  consistent  quality  from  the  same 
rc-retiner,  since  the  re-refiner  is  able 
to  pioduce  oils  of  all  grades.  Hut  so  is 
the  refiner  of  cruile  oil.  Vet  we  lia\e 
come  to  rel\  upon  his  aliilir>  ■Ai\d  in- 
tegrity, and  we  choose  our  oil  by  branil 
and  grade  without  an\  doubts.  Heing 
relatively  new  in  the  field,  the  re-refiner 
has  not  yet  been  able  to  build  up  a  repu- 
tation. Realizing  this,  the  Association 
of  Petroleum  Re-Refiners,  with  head- 
quarters in  Washington,  D.  C,  has  pre- 
pared a  list  of  specifications,  which  must 
be  met  b\  the  re-refiner  before  he  can 
carry  the  seal  of  approval  of  the  Associa- 
tion on  his  product.  Because  of  the  ex- 
acting specifications  thus  met,  a  re- 
refined  oil  carrying  the  .seal  of  the  As- 
sociation of  Petroleum  Re-Refiners  is 
probably  more  consistent  in  quality  than 
new  oil  from  a  certain  refinery.  The 
association  is  also  willing  to  answer 
questions  in  regard  to  indi\idual  re- 
refiners. 

Outside  of  its  advantages  to  the  im- 
mediate consumer,  re-refined  oil  serves 
us  in  other  ways.  Re-refim'ng  of  oil  is 
a  means  of  conserving  one  of  our  most 
important  natural  resources — crude  oil. 
Estimates  on  savings  by  using  re-refined 


oil  ha\e  shown  that  aircraft  and  engine 
manufacturers  save  about  60-70  per  cent 
of  their  total  oil  requirements  while  air- 
lines save  less  than  20  per  cent.  The 
reason  for  this  is  that  because  of  frequent 
drainings  after  their  ininierous  tests, 
manufacturiM^  iliscard  iihjic  oil  than  thev 
burn. 

(."rankcase  drainings  are  all  Un>  olten 
dumpeil  into  cit\  sewers,  lett  to  be  col- 
lected by  city  sanitation  facilities,  or 
poured  into  rivers  and  streams.  The 
IJ.  S.  Fish  and  Wildlife  Service  and 
numerous  state  and  local  authorities  have 
found  that  dumping  of  used  oil;',  causes 
serious  river  and  stream  pollution  with 
resulting  injury  to  fish  and  other  wild- 
life, and  hazards  to  and  interference 
with  navigation.  Before  re-refiners  lo- 
cated in  the  Washington,  D.  C,  area 
collected  most  of  the  city's  oil  waste, 
it  cost  the  city  tens  of  thousands  of  dol- 
lars annually  to  collect  and  dispose  of 
these  used  oils.  Now  the  taxpayers  need 
no   longer   finance   this   operation. 

It  is  not  hard  to  see  why  re-refined 
oil  is  becoming  more  and  more. accepted 
by  the  average  consumer.  An  estimate  of 
the  saving  to  the  U.  S.  public  already 
afforded  by  the  collection  of  used  oils 
bv  re-refiners  amoimts  to  approximately 
:?'5,0()0,000  per  year.  With  all  these  ac- 
complishments to  its  credit,  re-refined 
oil  is  fast  making  a  name  for  itself  in 
the   petroleum   industry. 


Provides  Five  Services 
for  Hofel  William  Penn 


These  include  air  conditioning,  coof- 
ing  drinking  wafer,  refrigeration  of 
foods,  freezer  service,  and  making  ice. 
This  magnificent  Pittsburgh  hotel  has 
used  Frick  equipment  since  1936,  and 
finds    it   both    efficient   and    dependable. 

The  Frick  Graduate  Training 
Cour$e  in  Refrigeration  and  Air  Coil' 
ditioning,  operated  over  30  yecrt, 
offer*  a  career  in  a  growing  indtulry. 


One  for  every  place — 
One  place  to  get  them  all 


Out  on  the  job  .  .  .  irrespective  of  your  engineering  role 
.  .  .  you'll  be  coming  to  grips  with  the  problem  of  elimi- 
nating wasteful  friction. 

You  can  look  to  fflCSlP"  for  the  practical  solution  to  anti- 
friction bearing  problems. 

fflCSP"  makes  all  of  these  eight  types  of  bearings  which 
serve  virtually  every  equipment  need.  Rely  on  ajCSP"  for 
putting  the  right  bearing  in  the  right  place.  mi 

SKF*  INDUSTRIES,  INC.,  PHILADELPHIA  32,  PA. 
-manufacturers  of  aKP-  and  hess-bright  bearings. 
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Career 
Opportunities 


There's  a  future  for  you  seniors  of  1954  at  The 
Detroit  Edison  Company— a  career  opportunity 
best  described  by  the  fact  that  many  of  the  execu- 
tives in  the  organization  at  this  time  began  their 
cUmb  to  success  in  positions  similar  to  those 
offered  graduates  today.  There  are  important 
jobs  to  be  done  in  Power  System  Engineering; 
Engineering  Planning,  Design  and  Construction; 
Research. 

When  you  join  Detroit  Edison,  you  are  assured 
every  opportunity  to  fit  into  the  job  you  like  best 
— and,  once  there,  you  will  be  encouraged  to 
advance  as  rapidly  as  your  ability  and  energy  will 
carry  you. 

Detroit  Edison  is  a  fast-growing  electric  utility 
company.  In  the  past  year  we  started  up  two 
turbine  generators  at  our  new  St.  Clair  Power 
Plant  and  broke  ground  for  our  sixth  major  power 
plant.  River  Rouge,  where  the  world's  largest 
steam  turbine  generators  will  be  installed.  We  also 
moved  forward  with  atomic  energy  research  to  be 
ready  for  the  time  when  this  great  new  power 
resource  can  be  utilized  by  the  electric  industry. 

To  you  young  men  thinking  about  your  careers, 
expansion  like  this  is  heartening  evidence  of  ever- 
growing opportunities  for  advancement.  Detroit 
Edison  offers  a  firm  foundation  on  which  to  build 
a  career.  You  may  find  just  what  you  want  in  this 
thriving  electric  company. 

Drop  in  and  see  us  when  you're  in  Detroit;  or 
write  .  .  . 


THE   DETROIT  EDISON   COMPANY 

3000  Second  Avenue, 
Delroil    26,    Michigan 


For  the  full  story  of  career  oppor- 
tunities at  Detroit  Edison,  simply  call 
or  write  for  a  free  copy  of  this  neic 
booklet,    "Detroit    Edison    Engineering." 


DEI  Ron   EDISOS  | 
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LEE  de  FOREST 


by  Don  F.   Kesler,   E.  E.  '56 


\V'iicK>>  ti-lf^r:i|)li,  wiiflfss  ti-li-|)li(iiif , 
radio,  auilion,  amplifiers,  aiul  souiul  on 
film  movies  were  only  a  tew  of  Lee  de 
I'Orest's  iiiveiuioiis.  The  patent  office 
issued  the  rights  of  an  ijufjiror  to  Lee 
de  Forest  over  200  times. 

Attfi'  recei\iiig  his  doctor's  degree 
from  V'aK'  in  1899,  Lee  went  to  work 
in  tin-  experimental  lahorator\  of  West- 
ern I'lectric.  At  night  he  continued  the 
work  ot  his  thesis,  " Reflection  of  Hert- 
zian Waves  from  the  Ends  of  Parallel 
Wires,"  pursuing  the  lines  of  wireless 
telegraph.  He  searched  physics  journals 
,11  id  coiulucted  the  existing  experiments 
of  the  .\Lirconi  wireless  telegraph. 

In  April,  1899,  HinLinann's  Aiina- 
U'li,  in  an  article  by  Aschkinass  he  found 
a  brief  description  of  a  newly  discovered 
detector.  A  piece  of  tinfoil  was  laid  upon 
a  piece  of  glass  and  cut  with  a  razor. 
When  a  battery  and  telephone  receiver 
were  connected  to  the  terminals  and  a 
drop  of  water  was  placed  over  the  gap, 
a  sound  could  be  heard  when  a  spark 
generated  electric  waves  in  the  vicinity. 
This  was  exactly  what  he  was  looking 
for.  Work  began  on  the  "Respoiuler," 
de  Forest's  first  detector. 

Professor  Johnson,  owner  ot  the  John- 


Min  Pneumatic  I  leat-t"ontrol  Ssstem, 
came  to  Chicago  and  offered  de  Forest 
a  job  with  his  company.  He  accepted  the 
offer  at  fifteen  dollars  a  week.  Immedi- 
ately he  began  working  on  Johnson's 
pertectl\  impractical  s\stem  of  receiving 
wireless  messages.  After  several  weeks 
of  waiting,  hour  on  hour,  for  the  signal 
to  come  through,  Lee  was  thoroughl\ 
disgusted  with  the  Johnson  iletector, 
( )ne  da\  he  brought  the  Responder  to 
his  end  of  the  work.  Within  an  hour 
he  was  steadily  picking  up  the  signal. 

Lee  decided  to  give  more  time  to  his 
responder,  so  he  quit  his  job  and  began 
working  half  time  for  //  fsltrn  hlii- 
hii'uiii. 

After  a  lot  more  work  and  researcli, 
a  company  was  formed.  In  1902  the 
American  I)e  Forest  Wireless  Tele- 
graph Company  was  thriving,  A  new 
alternating-current  transmitter  was  de- 
veloped with  amazing  success.  The  com- 
pan\'  began  building  sets  and  some  were 
soKl  to  the  Navv  and  others  to  the  pub- 
lic. 

During  the  Russo-Japanese  war,  the 
l.iindon  J't/ius  continually  scooped  the 
other  newspapers  by  da\s.  Lionel  James 
equipped    a    small     dispatch     boat    with 


Early    Responder,   the   wireless   telegraph    and    radio   receiver 


Lee  de  Forest,  the  first  disc  jockey, 
at  one  of  his  broadcasts. 

wireless.  (  )nce  during  his  acKenture  his 
boat  was  being  approached  b\  the  Rus- 
sian cruiser,  Bayan.  Seeing  the  danger, 
he  telegraphed  the  limes  to  notify  the 
British  Consul  if  he  was  not  heard  of 
within  three  hours.  When  the  Russians 
boarded  and  saw  the  message  he  had 
sent  and  recei\eil,  the\  immediateh  let 
him   go. 

Thursday,  April  6,  1906,  wireless  had 
been  sent  across  the  Atlantic.  With  lit- 
tle change  other  than  more  transmitter 
power,  wireless  had  been  sent  across 
the  ocean. 

The  greatest  advance  in  radio  yet 
today  was  the  invention  of  the  Audion. 
The  three  electrode  vacuum  tube  was 
the  first  amplification  in  history.  The 
Navy  rejected  the  use  of  Audions  in 
their  recievers,  so  this  stopped  the  de- 
velopment of  this  marvel   for  a  year. 

Late  in  1906,  Lee  de  Forest  designed 
the  carbon  arc  transmitter,  thus  wire- 
less telephone  was  here.  He  began  trans- 
mitting and  asked  all  telegraph  opera- 
tors who  might  hear  it  to  telephone  his 
laboratory',  so  that  he  might  know  that 
he  was  heard.  (All  the  wireless  tele- 
graph receivers  were  using  telephone 
earphones  to  head  the  sound.  They  were 
exactly  the  same  as  the  radio  receivers 
to  be  built  later. )  Again  attempts  were 
made  and  records  were  broken  for  the 
maximum  distance  for  radio  broadcasts. 

[>ee  de  Forest's  dream  was  realized 
when  the  Metropolitan  Opera  went  on 
the  air.  In  the  winter  of  1909,  Lee  went 
to  Andreas  Dippel,  the  assistant  director, 
w  ho  possessed  vision  and  enthusiasm  for 
the  project.  Together  the\'  put  a  trans- 
mitter in  the  attic  and  brought  Caruso 
to  the  masses. 

Li  1912  work  was  begun  on  an  am- 
plitier.    After    three    weeks    of    building 
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and  rebuilding  Audion's  and  Audioii 
circuits,  a  small,  but  comforting  amount 
of  amplification  was  gained.  He  con- 
nected the  plate  of  one  Audion  througli 
a  transformer  to  the  grid  of  another 
and  found  he  cotdd  amplify  electrical 
signals.  By  connecting  them  in  series  of 
two  or  three,  he  coidd  get  a  larger  gain. 
He  kept  working  until  the  threshold  of 
hearing  was  two  blocks  from  his  "loud- 
speaker." Demonstrations  were  made  for 
American  Telephone  and  Telegraph 
Company,  and  Western  Electric.  At  one 
time  during  the  experiment  he  had  only 
one  Audion,  and  hooked  the  plate  to 
the  grid  to  try  to  make  tile  tube  do 
the  job  of  two.  In  trying  to  obtain  self- 
amplification,  he  got  self-regenration, 
or  in  other  words,  self-oscillation.  Thus 
we  have  regenerative  radios  and  trans- 
mitters. 

A.  T.  and  T.,  through  a  go-between 
agent  bought  the  wire  rights  for  seven 
Audion  patents  for  ;?;50,000.  Actually 
the  company  had  voted  to  go  as  high 
as  half  a  million  dollars  for  the  patents. 
The\-  had  bought  the  rights  to  make 
amplifiers  and  use  them  for  telephone 
and   telegraph  for  only  $50,00(1. 

The  Uidtra-Audion  circuit  was  dis- 
covered by  accident.  The  R  batter\  was 
connected  directly  to  the  plate,  with 
the  radio-frenqviency  inductance  and 
variable  condenser  in  shunt,  comiected 
across  the  grid  and  plate  electrodes  of 
the  tube.  The  Ultra-Audion  circuit  was 
used    for  several   years   after   that. 

The  Marconi  Company  brought  suit 
against  the  He  Forest  Compan\  on  the 
grounds  of  infringing  upon  the  Pleming 
valve  patent.  All  the  patents  were  made 
to  cover  as  much  ground  as  possible, 
bvit  the  Marconi  Company  was  tr\ing 
to  stretch  the  Fleming  \al\e  patent  to 
cover  amplification.  (It  was  pro\en  in 
the  Supreme  Court  in  104,?  that  the 
Fleming  valve  was  merely  a  rectifier 
and  no  amplification  was  made.)  The 
Dc  Forest  Company  filed  counter  svut 
because  they  were  infringing  upon  the 
three-electrode   Audion    tube   patent. 

When  Marconi  admitted  the  validity 
of    the    Audion    patents,    the    Honorable 


Don  Kcslcr  is  o  sopho- 
more in  Elcctricol  Engi- 
neering Besides  his  school 
work  ond  the  Technogroph, 
he  works  on  meters  in  the 
Instruments  Loborotory  in 
the  Electricol  Engineering 
Building.  Don  is  o  perma- 
nent   resident    of    Urbono. 


Judge  Julius  Mayer  said,  ".  .  .  .  these 
parties  came  into  court  and  in  forth- 
right and  manly  fashion  admitted  their 
sins.  They  should  not  therefore  be  pun- 
ished for  so  doing.  Injunction  is  denied!" 
The  court  then  ruled  that  the  De  For- 
est   Company    had    infringed    upon    the 
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The  Audion  Tube  patent  is  considered  one  of  the  most  important  issued 


Fleming  valve  patent.  Immediatch  the\ 
appealed  the  case,  and  two  years  later, 
they  lost  the  appeal.  As  a  result  of  the 
case  the  radio  tube  industry  was  a  hope- 
less mess  until  the  Fleming  valve  patents 
ran  out  in  1922. 

In  1921,  Lee  de  Forest  found  new 
worlds  to  conquer.  Edison  had  s\n- 
chronized  phonograph  and  movies  to 
attain  "talkies,"  but  he  had  poor  suc- 
cess. Earlier  de  Forest  had  tried  it  with 
steel  telegraphone  wire.  Now  he  thought 
it  could  be  done  with  light,  photographed 
on  the  film.  He  made  his  first  talking 
movie  in  June,  1921.  The  first  theater 
preview  of  sound  films  came  two  years 
later  with  Eddie  Cantor  in  monologue 
and  Lillian  Powell  in  her  graceful  bub- 


ble dance  and  lo\el\  music.  Photofilm, 
sound  on  film  movies,  was  hard  to  sell 
until  "Don  Juan"  was  produced  in 
1926.  Then  the  battle  for  the  patent 
rights  begun. 

During  the  greater  portion  of  his 
work,  Lee  de  Forest  was  struggling 
hard  to  get  the  finances  to  produce  his 
inventions.  His  greatest  invention,  the 
electron  tube,  has  brought  over  a  bil- 
lion dollars  to  the  patent  owner.  Of 
this  he  received  less  than  a  million  dol- 
lars, less  than  one  tenth  of  one  per 
cent.  Less  than  one  per  cent  of  radio 
listeners  and  television  viewers  know 
who  made  it  possible  for  them  to  listen 
to  the  Metropolitan  Opera  in  their 
home. 


APRIL,   1954 


17 


A  Toiver  of  Opportunity 

.  .  .  for  America's  young  engineers  with  capacity 
for  continuing  achievements  in  radio  and  electronics 


Today,  enpinocrs  ami  pliysicists  arc 
looking  at  tomorrow  from  llic  top  of  tins 
tower  .  .  .  tlio  famed  Microwave  Tower 
of  Federal  Tclecommuiiication  Labora- 
tories .  .  .  one  of  the  great  development 
units  of  the  world-wide,  American- 
owned  International  Telephone  and 
Telcjiraph  Corjjoration. 

Here,  too,  is  opportunity  for  the  young 
graduate  engineers  of  America  .  .  .  op- 
portunity to  he  associated  with  leaders 
in  the  electronic  field  ...  to  work  with 


the  finest  facilities  ...  to  achieve  recog- 
nition and  advancement  commensurate 
with  capacity. 

Learn  more  ahout  this  noted  Tower 
of  Oi)portunity  ...  its  long-range  pro- 
gram, its  generous  employee  benefits... 
the  features  that  make  working  at  FTL 
a  fascinating  and  rewarding  experience. 

Vt  rite  today  for  the  interesting  infor- 
mation contained  in  "Your  future  is 
tcitli  FTL".  .  .  the  booklet  that  could  be 
the  most  important  you  ever  read. 


^^AILTHIS   COUPON   TODAY  4l 

Federal  Telecommunication 
Laboratories 


A  Division  of  International  Telephone 
and  Telegraph  Corporation 


Federal  Telecommunication  Laboratories      ^^0 

500  Washington  Avenue,  Nutley,  N.J. 

Please  send  me  a  copy  of  your  descriptive  ^^Pl 


liooklet:  "lour  Juture  is  tvilh  FTL." 


A'amc- 


IT-4 


College^ 


City- 


.£tate- 
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THIS    IS    SYLVANIA... 

BIG  ...diversified ...  GROWIHG 

THE   IDEAL    ENVIRONMENT   FOR   YOUNG    ENGINEERS 


In  1953,  Sylvania's  40  plants  in  eleven  states  pro- 
duced upwards  of  $300  million  worth  of  products 
in  more  than  sixty  categories  of  lighting,  radio, 
television  and  electronics  equipment. 

This  year  will  see  the  completion  of  additional 
new  plants  and  laboratories,  as  another  phase  of  a 
continuing  expansion  program  which  has  doubled 
plant  and  equipment  in  the  past  few  years. 

As  a  graduate  engineer,  you'll  naturally  find  a 
wide  range  of  opportunities  in  every  phase  of 
engineering  at  Sylvania.  And  you'll  find  yourself 
making  rapid  headway  as  the  company  continues  to 
add  new  facilities,  new  fields. 

A  stimulating  atmosphere  of  accomplishment  and 
opportunity  —  plus  size,  growth,  and  diversity  — 


make  Sylvania,  a  company  of  young  men  where  the 
executive  level  averages  45  years  of  age,  an  ideal 
place  to  build  a  satisfying  career  in  engineering. 

For  detailed  information,  see  your  College  Place- 
ment Office  or  send  for  our  comprehensive  brochure, 
"Today  and  Tomorrow  with  Sylvania",  by  writing 
to  Supervisor  of  Technical  Employment. 


SYLVANIA 


Sylvania  Electric  Products  Inc. 
1740  Broadway,  New  York  19,  N.  Y. 


LIGHTING 
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I'"or  more  than  forty  years,  science 
has  searched  for  a  practical  way  of  con- 
verting radiations  from  the  atom's  nu- 
cleus to  electricity.  Though  research  is 
far  from  completed,  successful  opera- 
tion of  the  atomic  battery  represents  a 
major  breakthrough  toward  that  goal. 

The  conversion  of  nuclear  energ\  into 
electricity  is  achievc<l  by  an  experimen- 
tal atomic  battery,  powered  b\  a  minute 
quantity  of  a  long-life  strontium-fO  ra- 
dioactive isotope  obtained  as  a  b\-pro- 
duct  of  atomic  reactor  operation.  'Ihc 
electric  current  derived  from  this  uni- 
que atomic  battery  exceeds  b>-  many 
times  all  previous  results  attained  in  at- 
tempts to  generate  usable  electricitv'  di- 
rectly from  radioactive  material. 

This  big  stride  has  been  achieved  bv 
coupling  the  battery's  radioactive  source 
to  a  transistor-like  wafer,  which  instan- 
taneouslv'  releases  some  200, 000  elec- 
trons for  each  electron  it  receives  from 
the  radioactive  material. 

This   development,    rhougii    still    in    a 


MULTIPLYING 


ELECTRONS 
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pioneer  >tage,  may  prove  In  be  the  hr- 
ginning  of  a  new  and  basic  chapter  ui 
man's  efforts  to  utilize  some  of  the  enor- 
mous \mtapped  energies  within  the  nu- 
cleus of  the  atom  for  peaceful  purposes 
and  for  the  enrichment  of  human  life 
rather  than   its  destruction.   Although  it 


EXPERIMENTAL  RCA  ATOMIC  BATTERY 


RADIOACTIVE 
SOURCE 


SEMI-CONDUCTOR 
/  WAFER 


TRANSISTOR-LIKE 
'JUNCTION 


0+ 


RADIATED  ELECTRON 
RELEASES  200.000 
ADDITIONAL  ELECTRONS 

Simplified  cross-section  view  of  experimental  Atomic  Battery.  Radioactive 
source,  which  is  strontium-90  in  present  version,  radiates  billions  of  elec- 
trons (beta  particles)  per  second  for  many  years. 


IS  still  too  soon  to  know  all  the  \i?es 
to  which  this  direct  conversion  of  nuclear 
energy  might  be  put,  the  prospect  of  an 
entirely  different  kind  of  power  source 
is  a  particularly  exciting  one  for  the 
electronics  industry. 

Perhaps  as  startling  an  advance  as 
any  in  connection  with  the  atomic  bat- 
tery is  the  fact  that  a  single  rapidly 
moving,  electron,  emitted  from  the  ra- 
dioactive atom,  produces  no  le.ss  than 
200,000  slower  electrons  in  the  bom- 
barded semi-conductor.  It  is  this  extra- 
ordinary multiplication  in  the  number 
of  available  electrons  which  promises  to 
make  the  atomic  battery  a  nsuable  de- 
vice of  practical  significance. 

Progress  in  increasing  the  efficiency 
of  the  atomic  battery  has  been  rapid 
during  the  past  few  months  and  is  ex- 
pected to  continue.  Results  to  date  indi- 
cate the  possibilities  of  producing  thim- 
hle-size,  atomic  batteries.  When  these  ex- 
perimental batteries  are  developed  to  a 
commercial  stag,  they  can  supply  power 
for  radio  receivers  and  other  kinds  ot 
electronic  appartus.  witiiout  replenish- 
ment or  attention  for  at  least  twenty 
years. 

The  atomic  battery  is  likely  to  be  ap- 
plied first  to  miniature  devices  such  as 
portable  and  pocket-size  radio  receivers, 
hearing-aids,  signal  control,  and  similar 
devices  that  require  reliable  power 
sources  with  great  length  of  service. 

As  we  learn  how  to  produce  atomic 
batteries  with  more  power  than  is  ob- 
tained from  present  experimental  mod- 
els, it  may  be  possible  to  use  them  for 
operating  portable  short-range  transmit- 
ters for  radio  telegraph  and  telephone 
communication  and  radio  beacons  for 
nav  igation  by  air  or  by  sea. 

Of  great  importance  is  the  fact  that 
such  atomic  batteries  will  be  highl\- 
compatible  with  future  equipment  vising 
transistors.  Hoth  the  batterv  and  the 
transistor  have  the  potential  advantages 
of  compactness,  ruggedness  and  long  life. 

Until  recently,  radioactive  battery  de- 
vices produced,  at  best,  a  billionth  of  a 
watt  of  power  under  conditions  suitable 
for    transistor   operation.      Todav',    with 
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Magnified  model  of  the  two  basic  elements  of  experimental  Atomic  Battery, 
which  makes  it  possible  to  convert  atomic  energy  directly  into  small  but 
usable  quantities  of  electrical  energy. 


ini\\  ;i  small  amount  of  radioactive  ma- 
tt-rial, single  atomic  battery  provides  a 
millionth  ot  a  watt — enough  to  run  a 
tiaiisistor  audio  oscillator  circuit.  This 
gives  a  tone  that  is  audible  twenty  feet 
a\\a\.  With  more  radioactive  material,  a 
mimber  of  these  "one-cell"  devices  could 
be  stacked  in  a  single  case  to  produce 
:\  larger  output. 

.Strontium-9()  is  not  now  obtainable 
iu  completely  purified  form,  that  is, 
iither  fission  products  have  not  been  en- 
tirel)  separated  from  it.  Since  some  of 
the  unwanted  radioactive  materials  are 
luiitters  of  gamma  radiation,  shielding 
Is  necessary  in  the  laboratory  device. 

However,  strontium-90  in  purified 
form,  emits  only  beta  particles  which, 
for  the  quantities  that  would  be  used  in 
a  small  atomic  battery,  does  not  raise 
problems  of  shielding. 

Strontium-9()  costs  about  50  cents  for 
a  thousandth  of  a  curie  today.  The  ra- 
dioactive material  for  today's  atomic 
battery  would  cost  $25.00.  A  wide  de- 
mand for  the  material  in  atomic  bat- 
teries and  other  applications  would  war- 
rant quantity  processing  of  the  material. 
This,  it  has  been  estimated,  might  bring 
its  price  down  as  low  as  two-tenths  of 
a  cent  for  a  thousandth  of  a  curie,  or 
10  cents  for  a  battery. 

An  aspect  of  atomic  batteries  that  has 
yet  to  be  determined  accurately  is  the 
e.xtent  of  the  effect  of  the  beta  radia- 
tion on  the  crystal  wafer.  It  is  known 
that  the  crystal  structure  of  many  sub- 
stances is  gradually  damaged  by  bom- 
barding electrons.  Further  research  is  in 
progress  to  minimize  these  effects  so  as 
to  make  them  neglibile  for  the  structures 
used  in  the  atomic  batter\. 


This  new  and  distinctive  approach  to 
the  harnessing  of  the  atom's  energy  for 
peaceful  purposes  is  most  timely.  This 
is  a  big  step  toward  the  atomic  peace 
proposals  President  Eisenhower  laid  be- 
fore the  United  Nations  on  last  Decem- 


ber l^rli.  These  proposals  for  interna- 
ti<inal  development  of  the  peaceful  uses 
of  the  atom  are  now  being  discussed  be- 
tween nations  and  are  much  in  the  pub- 
lic mind. 

No  one  can  look  far  enough  ahead 
to  see  all  the  ways  in  which  a  new  prin- 
ciple or  scientific  method  will  find  prac- 
tical application.  Some  of  these,  however, 
we  can  anticipate,  such  as  providing 
small  quantities  of  power  at  low  voltage 
for  various  kinds  of  electronic  devices 
where  extreme  compactness,  ruggedness 
and  long  life  without  attention  are  im- 
poitant  factors.  Hut  when  we  deal  with 
something  as  basic  as  capturing  the  en- 
ergy of  the  atom  and  turning  it  directly 
into  electricity,  the  first  practical  appli- 
c.itions  may  not  foretell  the  full  scope 
and   range  of  its  future  usefulness. 

The  history  of  science  and  invention 
presents  many  notable  examples  of  sci- 
entific progress  of  which  the  atomic  bat- 
ter\'  is  the  latest.  When  Michael  Fara- 
day first  produced  an  electric  current  it 
was  with  a  relatively  simple  device:  a 
copper  disk  rotated  between  the  ends  of 
a  magnet.  Faraday — 120  years  ago — did 
not  visualize  the  future  of  his  inven- 
tion, yet,  today,  the  huge  power  genera- 
tors at  Niagara  and  the  Hoover  Dam 
operate  on  the  same  basic  principle  of 
Faraday's  discovery.  Who  knows  what 
we  can  operate  with  atomic  batteries? 


The  idea  that  caught 
like 


Many  important  improvements  in  the 
design  and  construction  of  farm  machin- 
ery and  equipment  have  been  made 
possible  by  this  low-cost,  easy-to-install 
ball  bearing  unit.  It  simplifies  construc- 
tion .  .  .  eliminates  cost  barriers  .  .  .  im- 
proves overall  performance.  As  a  result, 
the  advantages  of  precision  ball  bearings 


are  available  on  more  turning  points 
than  ever  before. 

This  popular  development,  the  Fafnir 
Flangette,  reflects  the  Fafnir  "attitude 
and  aptitude"  ...  a  way  of  looking  at 
bearing  problems  from  the  manufac- 
turer's viewpoint ...  an  aptitude  for  sup- 
plying the  right  bearing  to  fit  the  need. 

FAFNIR 

BALL    BEARINGS 


MOST  COMPIETE 


IINE  IN  AMMICA 
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DRAWING  BOARDS 


Visionary  Young  Engineers  Work  Years  Aliead  on  let  Figliter-Bomlier  Design. 


There's  drama  on  the  drawing  boards  at  Republic! 

A  great  new  jet  fighter-bomber  is  being  created, 
years  ahead  of  its  time.  Like  its  famous  predeces- 
sors, it  will  be  the  product  of  young  men  of 
vision,  working  in  an  atmosphere  encouraging 
individual  initiative. 

For,  Republic  has  long  believed  that  its  engi- 
neers are  creative  men  who  cannot  be  cast  into  a 
mold  and  still  maintain  the  individuality  and 
imagination  that  are  the  lifestream  of  aviation. 
At  Republic,  the  ability  and  creativity  of  the 
engineer  thrives  on  a  diet  of  challenging  assign- 
ments that  permit  him  to  probe  and  express  new 
ideas. 

This  approach  has  been  notably  successful.  Since 
1931,  Republic  has  been  a  leader  in  the  aircraft 
industry,  and  today  employs  over  27,000  people, 
with  an  engineer  ratio  of  1   to  8.  From  the  first 


all-metal  plane  to  the  famous  Thunderbolts, 
Thunderjets,  and  Thunderstreaks,  Republic  planes 
have  been  pace-setters  in  aviation.  And  Republic 
engineers,  sharing  in  this  success,  are  at  the  peak 
of  their  profession,  earning  top  pay  in  industry. 

Republic  engineers  know,  too,  the  pleasures  of 
good  living.  Centrally  located  on  Long  Island, 
with  its  model  suburban  communities  and  abun- 
dance of  year-round  recreational  facilities.  Republic 
is  less  than  an  hour  from  New  York  City  and  its 
unparalleled  cultural  and  entertainment 
attractions. 

For  further  information  concerning  our  training 
programs,  which  prepare  graduate  engineers  for 
positions  in  aircraft  engineering  or  manufacturing 
supervision,  please  write  directly  to  your  special 
Republic  representative,  Mr.  Charles  J.  Ketson, 
Employment   Manager. 


REPIJBL.IC 


FarmingdaU,  long  Itland,  N*w  York 
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The  Earth  Goes  Around! 

NICHOLAUS 
COPERNICUS 

by  Donna  Rudig 
Eng.  Phy.  '57 


Mathematician,  theologian,  astrono- 
mer, and  medical  man — Niklas  Kopper- 
nigk,  son  of  a  Polish  wholesale  trader 
and  (jerman  housewife,  was  all  of  these. 
He  shook  the  foundation  of  the  early 
Rcnnaissance  Period's  belief  in  the  Ptol- 
emic  Universe  and  planted  the  seeds  for 
our  modern  version  of  the  solar  s\stem 
and  its  movement. 

In  1046,  when  he  was  23  years  of  age, 
Koppernigk  journeyed  to  Bologna  to 
stud\  Canon  Law  and  to  follow  the 
lectures  of  Domenica  Maria  Xovara, 
the  astronomist.  The  next  year,  the  Jubi- 
lee year  in  Rome,  he  was  elected  Canon. 
-•Mso  during  this  time  he  taught  in  Rome 
as  a  professor  of  mathematics;  but  in 
I  Sdl  be  gained  lea\e  of  absence  so  that 
he  could  continue  bis  academic  career 
and  entered  medical  school  at  Padua. 
He  left  Padua  in  1303;  but  meanwhile, 
in  1303.  he  had  received  a  doctor's  de- 
gree in  Canon  Law  at  Ferrara. 

Returning  to  Poland,  Koppernigk  re- 
sided at  the  Kpicopal  Palace  in  Hilsberg 
as  his  uncle's  ph\sician  until  the  bishop's 
death  on  March  29.  1312.  He  then  went 
to  Frauenburg  where  he  acted  as  chap- 
ter representati\e  \inder  barrassing  ad- 
muiistrative  and  political  conditions. 
.'\lso  he  was  commissary  of  the  diocese 
nf  Frmeland.  Much  of  his  time  he  spent 
in  giving  medical  service  to  the  poor  al- 
though be  was  often  demanded  by  the 
rich.  In  1322  he  devised  a  plan  to  re- 
form the  currency  and  presented  it  be- 
fore the  Diet  of  (iraudeny. 

Kver  since  the  time  of  his  professor- 
ship in  mathematics  at  Rome,  Kopper- 
nigk had  become  interested  in  astronomy 
and,  through  obser\ations  and  calcula- 
tions, became  coininced  that  the  Ptol- 
emy theor\'  of  the  earth  being  the  center 
of  the  Universe  was  wrong.  According 
to  his  heliocentric  theory,  Koppernigk 
believed  that  the  earth  revolved  about 
the  sun  once  a  year,  the  earth  rotated 
every  24  hours  on  its  axis,  the  sun  was 
the  stationary  center  of  the  L  niverse, 
the  planets  revolved  in  uniform  circles 
about    the    sun.    and    that    the    earth    ro- 


NICKOLAUS  COPERNICUS 

tated  from  west  to  east.  Since  these 
ideas  were  so  rcvolutionarv  to  the  ones 
of  that  tmie,  and  he  could  offer  no 
\alid    proof   for  them.    Koppernigk  hesi- 


tated to  declare  them  publicalK.  How- 
ever, these  ideas  circulated  among  his 
friends  and  fellow  astronomers  by 
means  of  letters  and  word  of  mouth. 

.'\bout  13.iO,  when  he  was  sure  of  bis 
theories,  Koppenugk  prepared  a  manu- 
script, Coiiniitntiiriniilin  (Little  (lotii- 
iiniitary).  to  gi\e  to  his  friends.  Al- 
though Cardinal  Schonberg  gave  Kop- 
pernigk a  formal  demand  to  publish 
bis  theories,  it  was  not  until  1340  that 
friends  finally  persuaded  him  to  consent 
to  do  ,so.  George  J.  Rheticus  printed 
his  book,  Dc  Rcvnliitionihiis  Jrhiiiin 
('.nlcstriuin  ( (jfinrcniing  the  Rcvoliitinm. 
'if  the  fltnven/y  Bndii!:)  in   1  34,S. 

Toward  the  end  of  1342,  Koppernigk 
was  struck  by  apoplexy  and  paralysis. 
The  first  copy  of  his  book  barely  reached 
hraimburg  in  time  to  be  placed  on  his 
death  bed,  saving  him  the  disappoint- 
ment of  knowing  that  the  book  had 
been  marred  by  a  preface  stating  that 
all  the  material  in  it  was  purely  hypo- 
thetical, Koppernigk  died  on  Ma\  24, 
1  34.^. 

In  later  years  Johannes  Kepler  des- 
cribed Koppernigk  as  "Copernicus,  vir 
maxinio  ingenio,  et  quod  in  hoc  exercitio 
magni,  momenti  est,  animn  liber"  (a 
\ery  approximate  translation  would  be 
"Copernicus,  man  great  in  size,  and 
whom  in  this  great  practice,  is  influen- 
tial, a  book  in  his  mind,") 


•  LEROY*  Lettering  equipment  is  standard  in  drafting  rooms 
everywhere.  No  special  skill  is  needed  for  perfect,  regular 
lettering  and  symbol  drawing.  There  are  LEROY  templates  in 
a  variety  of  alphabets  and  sizes,  as  well  as  for  electrical, 
welding,  map,  geological,  mathematical  and  other  symbols 
that  the  draftsman  needs.  Mrode  Mark® 
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Attend 

Summer  School 
for  Engineers 

in  Colorado's 
Rocky  Mountains 

Located  in  Boulder,  with  its  mild 
climate  and  cool  ninhts,  in  view  of 
snow-capped  peaks,  and  within  easy 
walking  distance  of  mountain  trails 
and  streams,  the 

University  of  Colorado 

offers  an  unusu.d  program  of  summer 
study  and  recreation  ..  The 

College  of  Engineering 

provides  excellent  opportunities  for 
study  for  undergraduate  or  graduate 
degrees,  for  satisfying  prerequisites, 
for  makeup,  or  refresher  courses. 

Graduate  and  undergraduate  courses 
in  the  College  of  Engineering  are  of- 
fered in  the  fields  of — 

APPLIED  MATHEMATICS 
ARCHITECTURE 

ARCHITECTURAL  ENGINEERING 
CHEMICAL  ENGINEERING 
CIVIL  ENGINEERING 
ELECTRICAL  ENGINEERING 
ENGINEERING  PHYSICS 
MECHANICAL  ENGINEERING 
Classroom,  laboratory,  library  and 
other  teaching  facilities  are  unexcelled 
in  the  Rocky  Mountain  region.    Regu- 
lar teaching  staffs  are  supplemented  by 
visiting    lecturers    from    other    institu- 
tions   and    industry.     Special    research 
projects  and  seminars  offer  opportunity 
for  creative  work. 

All  courses  offered  by  the  College  of 
Engineering  run  for  ten  weeks — 

JUNE   14  to  AUGUST  24 

Other  University  courses  arc  offered  for  five- 
week  or  cen-week  terms.  (June  14-July  20; 
July  22-August  2-4.) 

The  University's  own  Recreation  Depart* 
ment  offers  a  planned  program  which  sup- 
plements education.  Students  have  ample 
opportunity  to  sec  scenic  Colorado.  Drives 
over  spectacular  mountain  highways;  week- 
end climbs  to  nearby  peaks  with  experienced 
guides:  easy  hikes  to  adjacent  mountain  spots; 
steak  fries  and  picnics,  and  campfire  enter- 
tainment near  mountain  streams,  are  all  paa 
of  the  program. 

Typical  tuition  and  fees  for  the  10-weck 
Engineering  program  are  S105.  The  charge  is 
determined   by  the  number  of  hours  carried. 

Living  accommodations  are  available  in 
attractive  and  spacious  University  residence 
halls,  private  homes,  fraternity  and  sorority 
houses,  and  student  rooming  houses.  Typical 
room  and  board  rates  are  §170  for  10-week 
term. 

Choose  the  University  of  Colorado  this 
summer.  Combine  makeup,  refresher  or 
graduate  courses  with  a  Colorado  vacation. 

I    PILL  OUT  AND  MAIL  THIS  COUPON 

I   TODAY  FOR  FURTHER  INFORMATION 

•    Director  of  the  Summer  Session,   Macky  3J0 
I    University   of   Colorado.    Boulder,    Colorado: 

I   Please  send  Engineering  College  information. 


from  the  Phone  to 
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THE  COVER 

by    Dave   Templeton 
F.A.A.  '55 


"Hello,  Dave.  Thi.s  is  Howie  Had- 
lei',"  said  the  voice  on  the  other  end  of 
the  phone.  "I've  got  the  assigmneiits  and 
articles  for  next  month's  issue.  " 

"Just  a  second  while  I  get  a  sheet 
of  paper  and   a   pencil.  ()ka\,  slioot." 

An<l  this  is  the  way  a  Technograph 
C()\(r  and  the  spot  drawings  for  some 
of  the  articles  start  for  the  magazine  you 
arc  now  reading.  Howie  Hadler,  our 
associate  editor,  gives  nic  a  call,  tells 
nic  what  the  articles  in  the  next  issue 
are,  and  if  they  don't  have  anything 
specific  to  feature,  it's  up  to  this  in- 
dividual to  pick  the  one  that  will  lend 
itself  to  the  best  design. 

Hcing  in  art  school,  most  of  the  en- 
gineering subjects  don't  have  half  the 
meaning  or  familiarity  to  me  as  they 
do  to  the  engineer.  In  a  way,  this  is  an 
advantage,  hecause  if  the  cover  is  to  ap- 
peal to  someone  who  isn't  an  engineer 
but  is  a  little  interested  in  the  subject, 
I  feel  tliat  to  throw  him  a  complicated 
photograph  would  make  him  shy  away 
from  the  magazine  .  .  .  which  is  the 
first    thing    we    don't    want    to    do. 

But  yet,  this  is  an  engineering  maga- 
zine. Consequent!)',  I  can't  draw  a  cover 
from  what  I  know  about  the  subject. 
Hecause,  believe  me.  as  I  mentioned  be- 
fore, my  knowledge  is  very  little.  And 
if  there's  anything  more  annoying  to  a 
person  looking  at  a  picture,  it's  one  that 
has  ob\iously  been  drawn  without  very 
much  of  an  idea  what  the  subject  is  all 
about. 

So,  the  next  step  in  this  phone-to-fin- 
ished-drawing story  is  cither  a  trip  to 
the  library  or  a  talk  to  the  person  di- 
rectly connected  with  the  article.  It's  at 
either  of  these  sources  that  I  make 
sketches  and  talk  to  someone  who  can 
tell  me  just  how  the  subject  which  I  am 
drawing  effects  you  and  me  .  .  .  the 
citizen  .  .  .  the  laymen  (if  you  aren't 
an  engineer).  All  of  this  goes  into  a 
sketch  pad  which  is  generally  never  out 
of  my  possession.  This  is  because  at 
times  I  can  sit  and  try  to  get  an  idea 
and  it  doesn't  come.  But  suddenK  it  pops 
into  this  thing  I  laughingly  call  a  brain 
and  I  nught  be  in  a  class  or  even  walking 
down  the  street  at  the  time.  An  idea 
can  pop  out  of  the  mind  as  easily  as  it 
pops  in.  So,  it's  best  to  get  the  idea 
down  quickly  before  it's  forgotten. 

The  many-time-mentioned  idea  is  on 
layout  and  a  way  to  tie  the  engineering 


end  of  the  illustration  up  with  a  familiar 
scene  .  .  .  the  aforesaid  way  the  sub- 
ject effects   Mr.  and   .Mrs.  Citizen. 

After  making  some  preliminary 
sketches  and  finally  working  it  down 
to  almost  a  finished  drawing,  I  start  on 
the  final  drawing  itself.  This  is  done 
on  a  piece  of  1  5"x2()"  illustration  board 
(but  the  drawing  is  actuallx'  \2j4" 
square  which  is  reduced  to  magazine 
size  by  the  engraver).  The  entire  draw- 
ing is  done  in  blue  pencil  because  theie 
is  no  danger  of  the  photoengraving  ap- 
paratus picking  up  black  marks  left  by 
a  too  heavily  pressed  graphite  pencil. 
What  1  want  printed  is  finally  inked  in 
with  India  black  ink.  Tlie  blue  pencil 
marks,  which  I  don't  ink  in,  can  be  left 
on  tiic  drawing  without  fear  of  being 
reproduced. 

With  a  two  color  co\er,  such  as  those 
we've  been  using  this  year,  two  draw- 
ings are  required  .  .  .  one  for  each  co'or. 
Tlie  way  the  two  drawings  arc  matched 
up  is  very  simple.  I  take  a  heavy  sheet 
of  tracing  paper  and  put  it  on  top  of 
the  tirawing  which  has  been  entirely 
drawn  in  blue  pencil  and  then  trace  off 
what  I  want  in  the  other  color  and 
then  ink  that  in.  The  first  drawing  has 
only  that  part  inked  in  which  I  want 
for  it's  own  particular  color.  The  \ery 
last  thing  is  putting  cue  marks  on.  which 
are  nothing  more  than  little  circles  with 
crosses  inside  these  are  put  outside  of  the 
illustration  at  each  corner  of  the  or- 
iginal drawing  and  then  traced  off  on 
the  second  one.  This  is  so  that  the  final 
metal  plates  can  be  matched  up  and  >ou 
won't  have  one  color  over-lapping  an- 
other like  you  find  in  the  comic  section 
of  iiour  Siuiday  paper  every  once  in 
a  while.  Then  I  write  on  each  plate  the 
color  I  want  them  to  be  printed  in. 

The  engraver  takes  over  now.  He 
takes  a  reduced  photo  of  the  drawing  on 
metal.  He  spread  an  emulsion  on.  which 
sticks  to  onl\  the  part  that  is  the  photo- 
graph. He  dips  it  in  an  acid  which  eats 
awa\'  the  exposed  metal,  doing  this  for 
a  short  interval  several  times  or  the  acid 
would  start  eating  away  under  the  emul- 
sion. 

That's  about  all  there  is  to  it.  The 
printer  runs  each  plate  through  the  ink 
I  asked  for  and  you  have  your  cover. 
The  next  step  is  yours.  You  buy  it,  look 
at  it  .  .  .  and  I  hope  notice  the  cover 
(with  a  favorable  impression).  When 
the  drawings  leave  my  hands  m\'  fingers 
are  constantly  crossed.  1  kno\\-  pretty 
well  what  it's  going  to  look  like,  but 
there  is  nothing  like  the  finished,  printed 
thing. 

So,  I  sit  back,  relax  and  sigh,  "An- 
other one  finished."  Then  the  phone 
rings.  I  pick  it  up  and  the  voice  at  the 
other  end  says,  "Hello,  Dave.  This  is 
Howie  Hadler.  I've  got  the  assignments 
and  articles  for  next  month's  issue."  And 
I  start  again. 
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tandaris 


and  ozone  resisting  propertic<;  of  the  insu- 
lation, the  construction  details  of  the 
cables  and  the  thickness  and  other  proper- 
ties of  the  covering  or  sheath.  These  speci- 
fications are  issued  by  literally  hundreds 
of  manufacturing  organizations,  munici- 
palities, railroads,  utilities,  government 
agencies,  etc.  They  may  differ  only  slightly 
but  significantly,  in  certain  details,  thus 
making  it  necessary  to  run  many  wires  on 
special  orders.  The  wire  and  cable  indus- 
try is  thus  obviously  specification  con- 
scious. In  fact,  it  is  probably  true  that  all 
types  of  wires  and  cables  used  today  are 
more  completely  covered  by  specifications 
than  any  other  class  of  commercial  prod- 
ucts of  equal  complexity. 

Specifications  have  thus  become  a  nec- 
essary and  important  part  of  the  wire  and 
cable  industry.  When  properly  prepared 
on  the  basis  of  sound  engineering,  infor- 
mation and  manufacturing  practices,  they 
provide  for  durable,  economical  and  safe 
cables  for  any  particular  application.  They 
describe  the  item  in  a  clear  and  concise 
manner  that  can  be  readily  understood  by 
any  one  familiar  with  the  industry.  They 
form  the  basis  for  contracts  between  cable 
users  and  cable  manufacturers,  and  elimi- 
nate or  minimize  any  questions  that  might 
arise  concerning  the  construction  or  qual- 
ity of  the  cable  under  consideration.  .X 
working  knowledge  of  wire  and  cable 
specifications  is  essential  for  those  inter- 
lestcd  in  the  development,  manufacture 
and  use  of  wires  and  cables. 


No.  5  in  a  Series 


The  lUadiiiie  with  a  Memory 


(From  National  Bureau  of  Standards) 


Recent   Dei'elnpttieyits   and 
Oprratinii  /L\peri''nce 

SW'AC — the  National  Huicau  ot 
Standards  VVcsti'in  Automatic  Conipii- 
tcr — is  now  being  operated  24  houis  a 
day,  fi\e  days  a  week  to  solve  a  wide 
range  of  complex  problems  in  physics, 
engineering,  mathematics,  statistics,  and 
meteorology.  At  present  oxer  71)  |ier  cent 
of  this  time  is  devoted  to  problem  solu- 
tion, the  remainder  being  reserved  tor 
maintenance,  engineering  development, 
and  testing  of  new  equipment. 

SW.AC  is  a  general-purpose  digital 
computer  constructed  by  NHS  in  U)^ll 
under  the  sponsorship  of  the  Wright  Air 
Development  Center.  The  first  of  the 
high-speed  electronic  computers  to  be 
completed  with  the  very  fast  Williams 
tube  (cathode  -  ray  tube)  memory, 
SWAC  operates  at  a  rate  of  16,000  ad- 
dition or  2600  multiplications  per  sec- 
ond. 

Recently  the  scope  and  complexity  of 
the  problems  which  the  machine  can 
handle  have  been  greatly  extended 
through  the  installation  and  successfid 
operation  f)f  a  magnetic  drum  auxiliary 
memory.  Mased  on  the  principle  of  the 
magnetic-tape  recorder,  the  new  memor\ 
holds  16  times  as  much  mathematical  in- 
formation as  the  cathode-ray  tube  mem- 
ory, with  which  it  will  be  used  to  in- 
crease the  over-all  memory  capacity  of 
the  machine.  The  magnetic  drum  will 
also  act  as  a  storehouse  for  a  library 
of  numerical  methods  or  routines  of  in- 
structions which,  when  obeyed  by  the 
machine,  can  facilitate  the  solution  nt  a 
large  class  of  problems, 

SW.AC  was  designed  and  built  at  the 
NHS  Institute  for  Numerical  Anahsis 
in  Los  Angeles  to  provide  a  rapid,  pow- 
erful computational  tool  on  the  West 
Coast  and  to  aid  in  the  Institute's  pro- 
gram for  the  further  development  and 
increased  utilization  of  the  art  of  ma- 
chine computation.  The  ultra  high-speed 
machine  has  been  used  by  NBS  princi- 
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pally  to  solve  aircraft  problems  origin- 
ating with  the  Air  F'orce  and  its  con- 
tractors, other  problems  in  science  and 
engineering  submitted  by  (Government 
agencies,  and  mathematical  problems 
arising  in  connection  with  the  Bureau's 
work  on  computation  methods  and  com- 
puting machine  development. 

SWAC's  high  speed  results  from  its 
special  Williams  tube  memory  and  its 
parallel  mode  of  operation.  7  he  memory 
unit  consists  of  a  bank  of  cathode-ray 
tubes  which  store  information  as  bright 
spots  of  charge.  The  unit  is  operated  in 
parallel,  that  is,  all  the  digits  of  a  num- 
ber are  transferred  in  or  out  of  the 
memory  simultaneously,  thus  greatly  re- 
ducing the  time  requiretl  for  transfer  of 
information.  In  serial  machines,  such  as 
those  using  acoustic-delay-line  memories, 
numbers  and  instructions  are  represented 
by  trains  of  electrical  pulses.  But  in 
SWAC  parallel  circuits  transfer  num- 
bers and  instructions  almost  instanth', 
within  the  time  of  a  single  pidse   (  about 


one  tenth  of  a  microsecond).  Arithmetic 
operations  are  also  carried  out  in  par- 
allel, with  a  conseqiicnt  increase  in  speed 
of  computation.  In  its  parallel  method 
of  operation  SWAC  differs  from  SEAC 
( National  Bureau  of  Standards  Eastern 
Automatic  Computer),  a  serial  machine 
constructed  by  NBS  at  its  Washington 
(  D.  C. )  laboratories. 

Magnetic  Drum   Memory 

While  the  cathode-ray  tube  type  of 
memory  delivers  information  at  a  very 
rapid  rate,  its  capacity  is  limited  by  the 
number  of  digits  that  can  be  stored  on 
the  face  of  a  single  cathode-ray  tube.  To 
provide  greater  flexibility  and  comput- 
ing power,  a  magnetic  drum  external 
memory  was  developed  by  Thorensen 
and  associates  of  the  NBS  staff.  With 
the  drum  memory,  many  complicated 
t\  pes  of  problems  can  be  handled  by 
transmitting  information  out  of  the  com- 
puter  for  storage   and   then    feeding  the 


The  main  SWAC  computer,  control  console,  and  input  typewriter.  (This  com- 
puter is  very  similar  to  the  one  at  the  University  of  Illinois,  The  llllac.) 
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information  back  into  the  computer  at 
a  later  stage  of  the  problem. 

SWAC's  drum  memory,  like  those 
developed  elsewhere,  is  a  revolving  metal 
drum  which  retains  numbers  and  in- 
structions on  its  surface  in  the  form  of 
magnetic  pulses  like  those  used  in  tape 
recording.  At  intervals,  blocks  nf  mag- 
netic pulses  are  removed  from  the  drum 
b\  a  magnetic  head  and  are  taken  into 
the  computer  to  be  transformed  elec- 
tronically into  spots  of  charge  in  the 
Williams  tube  memory,  where  they  re- 
main until  called  for  by  the  control  unit. 

SWAC  stores  and  processes  informa- 
tion in  units  called  words,  each  word  con- 
sisting of  ,?7  binar\'  digits,  the  equiva- 
lent of  1  1  decimal  digits.  The  magnetic 
drum  has  a  capacity  of  409b  words  of 
M  binary  digits  each,  in  contrast  with 
the  256-word  capacity  of  the  cathode- 
ray  tube  memory.  This  high-ca|iacity 
memory  makes  possible  the  solution  of 
very  large  sets  of  simultaneous  equa- 
tions, such  as  arise  in  logistics;  certain 
types  of  partial  differential  equations 
which  occur  frequently  in  aeronautical 
research,  in  heat-transfer  problems,  in 
electro-magnetic  theorx ,  and  in  other 
fields;  and  combinatorial  problems,  ap- 
plications of  which  have  recently  en- 
gaged the  attention  of  scientists.  Instruc- 
tion routines  stored  on  the  drum  will 
handle,  among  other  things,  the  conver- 
sion of  information  from  a  decimal  rep- 
resentation into  the  binary  representation 
used  by  the  machine,  as  well  as  the  final 
conversion  back  to  decimal  form  when 
it  is  required  to  print  out  results. 

In  the  construction  of  the  magnetic 
drum,  primary  consideration  was  given 
to  simplicity  of  design  and  maximal  ef- 
ficiency in  the  transfer  of  information 
between  it  and  the  cathode-ray  tube 
memory.  A  drvmi  memory  ordinarily  has 
a  much  larger  capacity  than  a  Williams 
tube  memory,  but  access  to  a  drum  mem- 
ory is  generally  slow.  In  particular,  if 
information  is  required  from  some  spe- 
cific location  on  the  drum,  the  computer 
may  have  to  wait  up  to  a  maximum  of 
one  drum  revolution  before  receiving 
any  information.  However,  in  the  mag- 
netic drum  memory  developed  for 
SWAC,  access  time  is  shortened  in  tw(i 
ways:  (1)  Numbers  are  transferred  in 
sizable  blocks  from  the  magnetic  drum 
memory  to  the  cathode-ray  tube  memory, 
thus  minimizing  the  total  number  of 
times  the  drum  memory  must  be  con- 
sulted. (2)  The  numbers  in  each  of 
these  blocks  are  stored  sequentially 
around  the  circumference  of  the  drum  so 
that  one  block  forms  a  band  or  channel 
completely  encircling  the  drum.  When  a 
transfer  to  or  from  the  drum  memor\ 
is  made,  the  whole  channel  is  handled 
at  one  time.  Transfer  of  information 
starts  immediately  after  the  proper  chan- 
nel has  been  selected  and  continues  for 
exactiv  one  drvim   revolution   thus  elim- 


ination all  waiting  time.  In  this  ua\  the 
access  time  per  word  is  reduced  to  SOO 
microseconds — about  1  30  of  the  normal 
access  time  of  a  magnetic  drum  mem- 
ory. 

Information  is  stored  serialh'  on  the 
drum  in  40-binar\'  digit  words.  The  first 
iti  digits  represent  luuiierical  informa- 
tion, the  .?7th  digit  gives  the  algebraic 
sign,  while  the  remaining  three  digit 
positions   are   empt\.    Thirty-two   words 


of  basic  single-tube  plug-m  units  that 
are  developed  to  a  high  degree  of  sta- 
bility under  a  variety  of  conditions  of 
loading  and  aging.  Oidy  about  2^(1  \acu- 
um   tubes  are  used. 

In  addition  to  the  driun  memory, 
plans  call  for  a  slow-speed  auxiliary 
memory  consisting  of  a  magnetic-tape 
unit.  It  will  have  a  much  larger  ca- 
pacity than  the  other  two  memoiies, 
holding  appi-oximateh-  4,000,000  binar\ 


The  SWAC  system.  IBM  input  equipment  and   magnetic  drum  memory  unit, 
at  the  extreme  left.  The  computer  and  console  are  at  the  extreme  right. 


are  stored  in  each  channel  and  constitute 
a  basic  transfer  block.  As  the  drum  ro- 
tates at  300  revolutions  per  minute,  32 
words  are  transferred  in  approximately 
17  thousandths  of  a  second. 

The  drum  contains  128  informatioi' 
channels  phis  four  timing  channels.  'I  he 
timing  channels  feed  a  timing  generator, 
which  generates  a  pulse  for  each  digit 
space,  a  pulse  for  each  word  space,  and 
a  reference  pulse  for  each  revolution  of 
the  drum.  The  pulses  marking  each 
word  space  go  to  an  address  loiin/ir, 
which  co\ints  from  0  through  31.  This 
counter  continuously  keeps  track  of  the 
word  space  as  they  pass  under  the  mag- 
netic read-write  heads.  The  reference 
pulse  is  used  to  initially  synchronize  this 
counter  with  the  drum. 

The  cathode-ray  tube  memory  oper- 
ates in  parallel  with  the  serial  magnetic 
drum  memory,  and  the  two  are  not  in 
synchronism.  Direct  communication  be- 
tween the  memories  is  therefore  not  pos- 
sible. Information  from  the  drum  must 
first  be  played  back  into  a  vacuum-tube 
shifting  register  and  then  transferred 
in  parallel  to  the  cathode-ray  tube  mem- 
ory. Each  digit  takes  13  microseconds  to 
play  back,  so  the  three  empty  digit  spaces 
in  each  word  give  total  delay  of  3*^ 
microseconds  between  words.  This  delay 
is  more  than  adequate  for  transferring 
a  number  from  the  register  to  the  ca- 
thode-ray tube  memory  and  for  clearing 
the  register  to  receive  new  information 

The  entire  drum  memory  system  con- 
sists of  less  than  a  dozen  different  t\pes 


digits,   but   its  average   access  time  will 
be  quite  long — about  3]/  minutes. 

Description  nf  SfVAC 

SWAC  is  automatically  sequenced, 
that  is,  it  automatically  performs  all  of 
the  logical  and  arithimetical  operations 
required  to  solve  a  particular  problem 
once  it  is  supplied  with  coded  itistriic- 
tions  and  numerical  data.  The  compu- 
ter stores  in  its  high-speed  memory  not 
only  the  numbers  involved  in  the  com- 
putation but  also  the  instructions  neces- 
sary to  perform  the  computation.  This 
makes  it  possible  for  the  calculator  to 
use  fully  the  speed  of  the  Williams  tube 
memory,  doing  complete  arithmetic  oper- 
ations in  a  few  microseconds. 

The  computer  proper  is  housed  in  a 
single  console  approximately  12  feet 
wide,  S  feet  deep,  and  8  feet  high.  It 
consists  of  three  major  parts:  an  arith- 
metic unit,  a  memory  unit,  and  a  con- 
trol unit.  Four  other  parts  complete  the 
computer  system ;  they  are  the  magnetic 
drum  memory,  the  input-  output  units, 
the  operating  console,  .uid  the  power 
supply. 

The  arithmetic  unit  performs  the 
arithmetic  operations  of  addition,  sub- 
traction, and  both  rounded-off  and  exact 
nniltiplication.  It  also  performs  the  logi- 
cal operations  of  co/nfi/irison  and  extract. 
Comparison  involves  changing  the  course 
of  the  computation  depending  on  the 
relative  sizes  of  two  numbers.  Extract 
divides  numbers  up  into  parts  which  the 
computer  can  handle  in  different  ways. 
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Boeing  eight-jet  B-52  global  ho'iiher 


Which  field  of  engineering  interests  you  most? 


^^'llctIlcr  it's  clcctric;il.  ci\i1.  mccliani 
c;il.  ;icroii:uttical  or  any  related  field, 
yttu'll  find  a  rewarding  career  oppor- 
tunity at  Boeing. 

Engineers  of  virtnallv  cvcrv  tvpe  arc 
in  inerea.sing  demand  here— for  Boeing 
is  growing  continuoush'.  and  todav  em- 
ploys more  engineers  than  even  at  the 
peak  of  World  War  II.  That's  the  kind 
of  situation  in  which  positions  up  ahead 
keep  opening  up.  Boeing  fills  them 
from  within  its  own  organization,  and 
holds  regular  merit  reviews  to  give  you 
steady  recognition. 

As  a  Boeing  engineer  you'd  be  part 
of  a  team  that,  for  ^7  \ears.  has  pio- 
neered successful,  trail-blazing  types  of 
airplanes.    You  could   look  toward   a 


stable  future  with  sucli  long-range 
Boeing  projects  as  a  pilotless  aircraft 
program  (one  of  the  largest  in  the 
country),  dcxrlopmcnt  of  America's 
first  jet  transport,  research  on  super- 
sonic flight  and  nuclear  power  for  air- 
craft, and  the  world's  fastest  multi-jet 
bombers,  the  B-47  and  B-52. 

You'll  find  a  wide  range  of  experi- 
ence and  contacts  available  to  vou  at 
Boeing.  The  aviation  industry  is  unique 
in  its  \ariety  and  breadth  of  application 
—from  applied  research  to  production 
design,  all  going  on  at  once.  Boeing 
is  eonstantlv  alert  to  new  materials  and 
new  techniques,  and  approaches  them 
without  limitations.  In  addition. 
Boeing's  vast  subcontracting  program- 


requiring  engineering  co-ordination  — 
offers  an  opportunity  for  contact.^  with 
a  cross  section  of  American  industry. 

At  Boeing,  vou'd  work  in  Seattle, 
Washington,  or  ^^'ichita.  Kansas— two 
fresh,  modern  cities  with  a  wide  variety 
of  recreational  facilities  as  well  as  uni- 
versities which  provide  excellent  grad- 
uate study  courses.  The  company  will 
arrange  a  reduced  work  week  to  permit 
time  for  such  study  and  will  reimburse 
tuition  upon  successful  completion  of 
each  quarter's  work. 

For  full  details  on  career  opportuni- 
ties at  Boeing. 

consult  your  PLACEMENT  OFFICE,  or  wrile 

JOHN  C.  SANDERS,  Staff  Engineer -Personnel 
Boeing  Airplane  Company,  Seattle  14,  Washington 
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The  arithmetic  unit  receives  intOrina- 
tion  from  the  iiieiniir\'  m  the  form  of 
numbers  to  be  operated  upon  and  in- 
structions as  to  the  nature  of  the  opera- 
tion. Having  acted  upon  such  instruc- 
tions and  completed  the  operation,  the 
arithmetic  unit  returns  tlie  answer  to 
the  memor\. 

The  memor\  feeds  its  information  to 
the  arithmetic  unit  in  accordance  with 
instructions  it  receives  from  the  control 
imit.  The  control  unit  consists  of  elec- 
tronic circuits  which  control  the  opera- 
tions of  the  computer  proper.  This  unit 
takes  information  from  the  input  imit, 
directs  it  to  the  memory,  tells  the  mem- 
ory when  to  send  information  to  the 
arithmetic  unit,  tells  the  arithmetic  unit 
when  and  where  to  return  answers  to 
the  memory,  and  controls  the  feeding 
out  of  completed  solutions  to  the  output 
unit. 

SWAC  uses  both  a  punched-card  in- 
put-output system  and  a  paper-tape  s\s- 
tem.  For  card  input,  the  coded  problem 
is  punched  on  a  standard  IBM  card,  and 
the  answer  is  received  in  the  same  way. 
in  the  paper-tape  input-output  system, 
a  coded  problem  punched  in  paper  tape 
is  fed  into  the  machine,  and  answers  are 
automatically  given  iji  typed  form  by  an 
electric  typewriter. 

The  operating  console,  an  office  desk 
with  specially  built  panels  mounted  on 
its  top  surface,  permits  the  human  oper- 
ator to  control  the  operations  of  the 
machine  and  to  watch  the  machine  as 
it  operates.  The  console  is  provided  with 
control  switches  and  neon  lights  which 
indicate  what  is  taking  place  inside  the 
machine.  (Oscilloscope  screens  make  it 
possible  for  the  operator  to  view  the 
memor\'  pattern  of  an\  gi\en  unit  iit 
the  Williams   tube  memor\. 

SWAC  is  supplied  with  electrical 
p(jwer,  carefully  regulated  in  \oltage,  b\ 
means  of  a  motor-generator  set  and  re- 
lated equipment,  largely  electronic  in  na- 
ture. The  computer  is  thus  isolated  from 
line  voltage  fluctuations  which  might 
affect  its  operation.  About  M)  kilowatts 
are  consumed  when  the  machine  is  oper- 
ating. 

Hillicunx    Tube   Memory 

T  he  Williams  tube  memor)  consists 
of  a  bank  of  37  cathode-ray  tubes,  each 
(jf  which  can  store  256  digits  on  its  face 
ill  a  matrix  pattern  of  dots  and  dashes. 
Ihe  dots  represent  "0"  while  the  dashes 
represent  "1".  As  SWAC  is  a  binar\ 
machine,  all  decimal  numbers  and  in- 
structions are  feil  into  it  in  a  code  u'hicli 
utilizes  ord\    the  digits  0  and    1. 

The  number  of  digits  that  can  be 
^tored  on  the  face  of  one  cathode-ray 
tube  determines  the  number  of  words 
that  can  be  stored  in  the  memory.  That 
i^,  the  /(til  cathode-ray  tube  stores  the 
//til  digit  of  each  word.  Thus,  a  given 
uoril   has   one    diifit    stored    ai    the   same 


relative  position  in  each  of  the  tubes. 
This  makes  it  possible  to  position  all  of 
the  electron  beams  at  a  gi\en  location, 
or  address,  in  the  memory  and  thus  to 
transfer  all  of  the  digits  of  a  word  simul- 
taneously. As  a  result,  the  time  required 
to  transfer  a  word  to  or  from  the  mem- 
ory is  only   16  microseconds. 

To  produce  either  a  dot  or  a  ilash  at  a 
given  spot  on  the  face  of  a  Williams 
tube  unit,  the  electron  beam  is  turned 
on  to  produce  a  spot  of  charge  on  the 
screen.  If  the  beam  is  left  on  only  long 
enough  to  establish  equilibrium  ami  is 
then  turned  off,  a  dot  is  produced.  If 
the  beam  is  left  on  longer  and  is  de- 
flected from  the  dot  position  b>'  the  su- 
perposition of  a  small  sawtooth  voltage 
on  the  positioning  voltages,  a  dash  is  pro- 
duced. The  dots  and  dashes  are  read  off 
by  an  amplifier,  which  picks  up  the 
signal  from  the  tube  screen,  amplifies 
and  reshapes  it,  and  causes  the  electron 
beam  inside  the  tube  to  place  a  signal 
back  on  the  face  of  the  tube. 

Unless  this  type  of  storage  is  continu- 
ally renewed  or  regenerated,  the  origin- 
al charge  pattern  tends  to  disappear  over 
a  period  of  time  as  the  charged  spots 
gradually  collect  stray  electrons.  Thus, 
to   pro\ide   continuous  storage,    an   elec- 


Magnefic     drum     switching     matrix 
and  control  circuits. 

troii  beam  is  maile  to  inspect  successi\e- 
ly  each  jioiiit  ot  charge  and  to  energize 
electronic  circuits  which,  when  iieces- 
sar\,  restore  the  charge  to  its  initial 
\aluc.      [  he     regeneration    process    takes 


place  during  short  inter\als  which  alter- 
nate with  the  reading-in  or  reading-out 
of  information  in  the  memor\'.  In  this 
renewal  process  the  machine  spends  only 
8  microseconds  on  each  point  of  charge 
on  the  face  of  the  tube,  and  complete  re- 
generation occurs  250  times  a  second. 
Such  a  continuous  regeneration  process 
makes  it  possible  to  store  information  in- 
definitely. A  crystal-controlled  oscilla- 
tor regulates  both  the  rate  of  regenera- 
tion of  the  memory  and  the  operations 
of  the  arithmetic  unit. 

Operating  Experience 

SWAC  contains  about  26f)f)  tubes  and 
.UOO  crystal  diodes.  The  average  tube 
life  is  between  8,000  and  10,000  hours. 
To  date,  very  few  tubes  have  been  lost 
on  account  of  heater  failure.  The  larg- 
est percentage  of  tube  failures  have  re- 
sulted from  low  emission  and  intermit- 
tent shorts. 

.All  electronic  components  in  the  com- 
puter proper  are  mounted  on  removable 
plug-m  chassis,  so  that  faulty  operation 
can  usually  be  corrected  by  replacing  a 
bad  chassis  with  a  good  spare.  The 
faulty  chassis  can  then  be  repaired  in 
the  laboratory  without  loss  of  computer 
time.  The  majority  of  the  plug-in  chas- 
sis contain  an  average  of  10  tubes  each; 
however,  the  magnetic  drum  circuits  are 
built  of  much  smaller  units,  usually  con- 
sisting of  a  single  tube. 

Cine  of  the  difficulties  encountered 
with  the  cathode-ray  tube  type  of  mem- 
ory is  "spillover,"  or  redistribution  of 
charge,  which  limits  the  number  of  times 
the  spots  adjacent  to  a  particular  spot 
ma\  be  read  before  the  spot  in  question 
must  be  regenerated.  To  mitigate  this 
difficult.\-,  circuits  have  been  installed 
which  eliminate  most  of  the  drift  in  the 
patterns  on  the  face  of  the  tubes.  A 
substantial  improvement  in  operating 
time  has  resulted. 

Other  impro\ements  ha\e  been 
achieved  by  rebuilding  certain  parts  of 
the  circuitry  which  have  shown  a  high 
out-of-order  maintenance  time.  A  sub- 
stantial improvement  in  operating  time 
occurred  when  an  air-conditioning  unit 
was  installed  to  maintain  the  incoming 
air  in  the  \entilation  s\stem  at  a  con- 
stant temperature.  This  minimized  the 
temperature  cycling  of  crystal  diodes 
and  substantially  decreased  their  failure. 

(leneral  operating  efficiency  has  also 
increased  by  the  addition  of  a  loudspeak- 
er and  buffer  tube  with  a  plug-in  ar- 
rangement allowing  the  operator  to  "lis- 
ten" to  any  of  the  commands  in  a  prob- 
lem. For  example,  an  alternate  succession 
of  add  and  subtract  commands  proiluces 
an  eight-kilocycle  note. 

Recenth.  by  addition  of  one  tube  and 
.1  few  crystals,  a  converting  output  com- 
mand was  obtained.  This  command,  ef- 
fective only  with  the  output  typewriter 
and     tape      punch,      con\erts      fractional 
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bliiai\   luimbfis  to  octal,  cKh  iiiuil,  oi  aii\ 
otlu-r  base  up  to  Ifi. 

Priibh'iiis  Soli'cd 

During  the  eight  month  perioil  riuhiig 
June  I,  1453,  SWAC"  spent  an  average 
ot  53.2  hours  a  week  in  actual  eoniput- 
ing.  'i'he  remainder  ot  the  operating 
time  was  spent  in  code  checking,  mem- 
ory adjustment,  maintenance,  testing  of 
components,  and  development  of  im- 
proved facilities.  More  than  50  prob- 
lems were  handled  in  the  past  \ear, 
ranging  from  minutes  to  hundreds  of 
hours  in  running  time.  During  this  per- 
iod the  punched-card  input-output  sys- 
tem was  operative,  but  the  magnetic 
drum   had   not    set   been   installed. 

Problems  in  least  squares,  reiluction 
of  ilata,  beat  transfer,  stress  analysis, 
and  a  tremendous  variety  of  other  physi- 
cal phenomena  can  be  described  by  sys- 
tems of  linear  equations.  However,  most 
of  the  methods  now  in  common  use  for 
solving  such  equations  are  variations  of 
the  elimination  method  developeil  by 
(lauss.  These  methods  all  tend  to  yield 
answers  of  low  significance  when  the 
matrix  of  the  coefficients  is  almost  unity. 
I  sing  SWAC  for  extensive  numerical 
trials,  M.  K.   Hestenes  and  E.  Stiefel  of 


radiation  fields  from  antennae.  The  spe- 
cific problem  was  the  determination  of 
the  nonintegral  values  of  the  order  (n) 
which,  for  fixed  values  of  degree  (m) 
and  argument  (x),  would  make  the 
value  of  the  function  zero.  For  each 
combination  of  m  and  x,  an  infinite  set 
of  discrete  values  (jI  n  will  satisfy  the 
requirements.  SWAC  found  the  lirst 
30  values  of  n  corresponding  to  one 
value  of  X  and  three  values  of  m. 

With  the  aid  of  SWAC,  NHS  has 
carried  on  research  in  the  application  of 
the  so-called  "Monte  Carlo"  method  to 
the  solution  of  complicated  differential 
equation  and  of  previously  unsolved  sta- 
tistical problems  in  luiclear  physics.  The 
Monte  Carlo  method,  developed  by  j. 
von  Neumann  of  the  Institute  for  Ad- 
vanced Study  at  Prinecton  and  S.  LMam 
of  Los  Alamos  Scientific  Laboratory, 
is  a  new  mathematical  technique  which 
solves  a  physical  or  mathematical  prob- 
lem by  creating  an  artificial  statistical 
model  of  the  physical  or  mathematical 
process  involved.  It  applies  the  same 
techniques  that  are  used  in  analyzing 
games  of  chance  to  the  analysis  of  physi- 
cal problems  where  the  events  are  ran- 
dom and  are  governed  by  the  laws  of 
probability.    Large-scale   computers   such 
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Add.  subtract,  and  compare 
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Drum  transfers 
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256  words 
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access  time 


Schematic  drawing  of  the  process  of  the  SWAC  computer 


the  NHS  staff  recently  developed  a  new- 
approach,  known  as  the  conjugate  gradi- 
ent method,  which  appears  to  have  broad 
utility  for  the  solutions  of  problems  aris- 
ing in  applied  physics  and  engineering. 
SWAC  has  now  solved  many  systems 
of  equations  of  order  10  to  15.  Codes 
have  been  prepared  for  the  solution  of 
systems  of  any  order  up  to  45,  but  no 
system  of  that  high  order  has  as  yet 
been  .solved.  However,  the  characteristic 
values  and  their  associated  vectors  have 
been  found  to  nine  significant  decimal 
digits  for  a  45th  order  system,  as  well 
as  for  systems  of  order  10  to  20. 

In  the  field  of  differential  equations, 
a  large  amount  of  computing  time  has 
been  devoted  to  the  study  of  associated 
I.egendre  functions,  p,„/„  (x),  which  are 
important    in    mathematical    analysis    of 
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as  SWAC  pro\itle  an  excellent  means 
for  the  solution  of  problems  of  this 
kind  because  they  are  able  to  create  co[i- 
ditions  which  imitate  the  statistical  be- 
havior of  the  given  problem.  Thus,  the 
randomness  of  the  event  can  be  taken 
care  of  by  putting  into  the  extended 
memory  of  the  machine  a  .set  of  random 
numbers  which  are  first  tested  for  their 
random  quality.  SWAC  has  been  used 
to  compile  large  groups  of  random  digits, 
to  explore  their  statistical  behavior,  and 
to  in\estigate  their  utility  for  solving 
partial  differential  equations  by  random 
walk  processes.  Recenth'  problems  con- 
cerning nuclear  forces  have  been  at- 
tacked by  means  of  the  Monte  Carlo 
method. 

Problems   in    the  evaluation  of   defin- 
ite integrals  have  arisen   from  studies  in 


probability  and  statistics.  One  such 
problem,  the  computation  of  a  table  of 
suivival  probabilities  for  biological  ex- 
periments, required  the  evaluation  of 
21,500  double  integrals  with  each  vari- 
able ranging  from  plus  to  minus  in 
fim'tv.  This  table  was  computeil  in  177 
hours.  A  secoiul  table,  tor  biological  e\- 
peiiments  in  which  the  exact  level  of  a 
ratliation  dose  is  unknown,  requireil  the 
evaluation  of  7500  -.ingle  integrals,  this 
time  with  an  infinite  lower  limit  and  a 
finite  upper  limit. 

Many  applied  problems  have  dealt 
with  the  reduction  of  large  blocks  of 
data.  A  study  of  the  large-scale  circula- 
tion patterns  in  the  earth's  atmosphere 
was  typical.  Some  750,000  pieces  of 
data,  each  five  decimal  digits  in  length, 
were  processed  to  yield  about  the  same 
number  of  answers.  SWAC  spent  325 
hours  on  this  problem. 

SWAC  has  also  been  applied  to  sev- 
eral combinatorial  problems.  In  some  it 
has  exhaustively  searched  through  all 
possible  combinations  of  the  variables. 
One  such  problem  was  that  of  finding 
(liffiri-iiit'  sets,  that  is,  a  set  of  n  num- 
bers such  that  all  n(n-l)  nonzero  dif- 
ferences give  distinct  remainders  when 
divided  by  n'-'-n-l.  Another  problem,  in- 
volving permutations,  dealt  with  the 
optimal  assignment  of  iluties  in  an  or- 
ganization. 

SWAC  has  proved  an  effective  tool 
for  the  analysis  of  Fourier  synthesis  of 
X-ray  diffraction  patterns  of  crystals. 
Such  analyses,  at  present  being  carried 
on  bv'  members  of  the  Chemistry  Dep.irt- 
ment  of  the  University  of  California  at 
Los  Angeles,  lead  to  the  determination 
of  the  arrangement  of  molecules  inside 
the  crystals. 

In  the  field  of  pure  mathematics, 
SWAC  has  been  used  to  study  the  pri- 
mality  of  Mersenne  numbers,  that  is, 
numbers  of  the  form  2p-l,  where  p  is 
a  prime.  These  numbers,  when  prime, 
are  related  to  the  "perfect  numbers"  of 
the  (ireeks,  which  are  the  sum  of  all 
their  integral  divisors  excluding  them- 
selves. The  present  list  of  values  of  p 
which  vield  prime  numbers  is  as  fol- 
lows : 

2,  3,  5,  7,  13,  17,  19,  31,  bl,  SQ,  107, 
521,607,  1279,2203,  and  2281. 

The  last  five  values  were  added  to 
the  list  by  SWAC  as  a  result  of  the 
systematic  testing  of  all  prime  numbers 
up  to  2297. 

Mathematical  research  directed  to- 
ward more  effective  utilization  of  elec- 
tronic digital  computers  is  continuing 
at  the  NHS  Institute  for  Numerical 
Analysis.  Further  progress  in  this  pro- 
gram should  materially  increase  the 
.scope  of  the  problems  which  SWAC 
and  other  high-speed  computers  can 
handle  and  should  also  make  possible 
additional  savings  in  actual  computing 
time. 
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Nothing  replaces  Individualized  Training! 


•  When  you  join  ranks  with  Square  D, 
you  can  be  sure  you'll  get  complete,  indi- 
vidualized training  from  seasoned  men 
who  know  electrical  distribution  and  con- 
trol like  a  book.  Equally  important,  they 
know  how  to  pass  along  that  knowledge  in 
a  practical,  down-to-earth  way  you'll  like. 
•  Year  after  year,  Square  D  looks  to  the 
nine  schools  shown  above  for  electrical, 
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mechanical,  industrial  and  general  engi- 
neering talent.  We're  proud  of  the  calibre 
of  men  we  employ,  train  and  advance. 
They're  the  kind  of  men  you'd  like  to  work 
with.  Why  not  let  us  tell  you  more  about  it? 


Square  D  Company,  Depi.  SA 

6060  Rivard  Street,  Detroit  II,  Michigan 

I'd  like  a  copy  of 
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by  Don  Culley,  E.  Phy.  '57,  Davida  Bobrow,  English, 
Mel  Green,  M.E.  '55 


ROBERT  TRAPP 

Most  ciigineeiing  plnsicists  on  cain- 
pus,  in  tact  most  engineeis,  should  have 
heart!  of  Bob  Trapp.  He  is  ver\-  well 
known  arountl  the  Physics  Lab,  and 
can  be  found  there  whenever  the  cam- 
pus Physics  Society  is  in  session.  This 
group,  of  which  Rob  is  one  of  the  or- 
iginal founders,  is  probably  the  most 
important  activity  in  his  busy  campus 
life.  He  has  been  doing  a  very  able  job 
as  president  of  this  organization  for 
the  last  two  years.  A  senior  in  Engi- 
neering Ph\sics,  Hob  is  in  many  other 
campus  activities.  He  has  spent  two 
\ears  on  the  Engineering  Council,  and 
also  serves  as  prexy  of  this  group.  He  is 
a  member  of  two  scholastic  honorary 
societies:  i]T,  junior  engineering  honor- 
ary and  II  ME,  junior  mathematics  hon- 
orary requiring  a  4.73  overall  average 
in  mathematics  for  membership.  In  ad- 
dition, he  serves  as  a  member  of  the 
Executive  Committee  of  the  student 
ASEE  (American  Society  for  Engineer- 
ing Education),  and  has  recently  be- 
come a  member  of  IRE  (Institute  of 
Radio  Engineering),  In  addition  to  his 
man\  activities,  Bob  has  managed  to 
maintain  a  ,?.91  average  for  a  total  of 
one  hundred  and   fort\   hours. 

Bob  hails  from  Ta\Ior\  ille,  where 
he  graduated  in  1')t().  He  is  active  there 
in  scouting,  in  which  he  holds  the  rank 
of  Eagle  with  Bron/e  Palm,  and  is 
assistant  scoutmaster  of  Troop  67,  Tay- 
lorville. 

His  usual  summertime  occupation  is 
either  that  of  lifeguard  or  instructor  in 
Red  Cross  water  safet\,  for  which  he 
holds  a  certificate. 

In  his  four  years  here  at  school.  Bob 
has  lived  as  an  independent.  His  place 
of  residence  has  changed  recently,  how- 


ever,  as   he   became  married    to    Nancy 
Holt  on  December  30  of  last  year. 

At  the  present.  Bob  finds  himself 
quite  busy  filling  out  job  application 
blanks.  If  the  Air  Force  does  not  take 
him,   he   hopes  to   land   a  job  in  physics 
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ROBERT   TRAPP 

or  electronics.  Best  of  luck,  Bob.  If  you 
keep  up  the  good  work  \ou  lia\e  done 
here  at  the  University,  your  future 
shouhi   be   \ery  successful. 

MEL  GREEN 

"What  can  you  say  about  me,  Dav? 
I'm  just  an  ordinary  guy."  This  state- 
ment is  typical.  Mel  (ireen,  new  Navy 
Pier  Tct  hnogrnfih  editor,  is  one  of 
the  most  modest  people  you  could  meet. 

Although  having  no  previous  experi- 
ence in  journalism,  Mel  joined  the 
Tech  staff  last  semester  and  rose  rap- 
idly to  his  present  position.  Now  in  his 


last  semester  at  the  Pier  this  "ordinary 
gu\"  is  also  publicit\'  director  of  the 
Engineering  Council,  and  a  member  of 
the  AS  ME  and  Quad  Council.  He  does 
all  this  while  maintaining  a  4.0  a\ - 
erage ! 

.Mel,  a  M.E.  with  a  production  op- 
tion, plans  on  coming  to  Irbana,  in  Sep- 
tember to  finish  his  last  two  years.  If 
khaki  calls,  however,  Mel  will  answer. 
I'pon  ending  his  army  stint,  he  hopes 
to  go  back  to  school  and  obtain  a  mas- 
ter's degree  in  Engineering  administra- 
tion. 

Summer  jobs  have  given  Mel  a  great 
deal  of  practical  experience  as  a  drafts- 
man, but  his  interest  lies  in  the  field  of 
engineering  sales. 

Does  he  have  time  for  hobbies?  Mel 
adnu'ts  his  greatest  hobby,  and  the  one 
which  consumes  most  of  his  spare  time, 
is  traveling.  Fi\  e  days  a  week  he  travels 
back  and  forth  between  and  Navy  Pier. 
That  doesn't  leave  too  much  time  for 
his  other  past-times  which  include  read- 
ing "Mad  "  comics,  science  fiction,  and 
photography. 

One  of  the  most  conspicuous  things 
about  Mel  is  his  belt.  There  is  no  slide 
rule  dangling  from  it.  Perhaps  it's  just 
the  non-conformist  in  him  as.serting  it- 
self. 

After  knowing  Mel  for  any  length 
of  time,  you  learn  his  favorite  word — 
Animal.  This  he  uses  in  the  neuter  gen- 
der, applying  the  epitaph  to  male  and 
female  alike.  The  shouted  phrase,  "Lord, 
what  an  animal!"  is  almost  a  sure  wav 
of  singling  Mel  out  in  a  crowd.  To  this 
day,  we  don't  know  exactly  what  "ani- 
mal" means,  but  we  feel  certain  it  is 
something  complimentary. 

The  Pier  staff  will  be  sorry  to  see 
Mel  leave,  but  we  know  that  wherever 
he  goes,  and  whatever  he  does,  Mel  will 
be    successful. 

DAVIDA   BOBROW 

Although  her  name  may  tend  to  be 
a  little  confusing,  Davida,  the  Tcchno- 
graph's  Business  Manager  at  the  Pier, 
is  not  to  be  confused  with  any  male  an- 
swering to  the  name  Dave.  Dav  at- 
tended Sulli\an  High  School  in  Chicago 
where  she  was  Editor  of  their  newspaper, 
the  Scutinrl.  and  wrote  for  their  year- 
book, the  Nnvillus.  However,  this  alone 
couldn't  keep  Dav  busy.  So,  she  wrote 
a  column  for  Meyer's  Syndienled  Peifiers, 
who  are  the  publishers  of  many  of  Chi- 
cago's neighborhood  newspapers,  Dav 
did  a  lot  of  writing  both  in  and  out  of 
school.  She  once  won  an  essay  contest 
by  writing  about  the  Illinois  State  Con- 
stitution. She  also  wrote  a  few  skits  and 
a  rh\med  narration  for  a  swim  show. 

It  is  hard  to  imagine  a  person  with  so 
much  to  do  looking  for  something  else 
to  do  in  her  spare  time,  but  Dav  did 
just  that.  Due  to  the  fact  that  she  has 
always  liked  water,  I  suppose  it  was  only 
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natural  that  she  looked  to  swimming  for 
fun  and  relaxation.  Fortunately.  Sulli- 
van had  a  Synchronized  Swim  Club  of 
which  Dav  became  an  active  member. 
In  her  last  year  of  high  school,  Da\- 
was  in  the  Senior  Pla\  and  was  appoint- 
ed to  the  Senior  Prom  Committee.  With 
all  of  these  extra  curricular  activitie.^, 
one  stops  to  wonder  when  she  studied. 
Evidently,  she  must  have  found  the 
time  for  she  was  a  member  of  the  Na- 
tional  Honor  Society,  which   recognizes 
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DAVIDA    BOBROW 


Student  for  superior  scholastic  abilit\, 
and  upon  graduating,  she  was  named 
one  of  the  outstanding  graduates  by  a 
Chicago  newspaper. 

Although  now  an  English  major,  it 
is  no  surprise  that  Dav  was  attracted 
to  the  Technograph  as  soon  as  she  came 
to  the  Pier,  for  she  has  newsprint  in 
her  bleed.  She  soon  took  over  the  posi- 
tion of  Business  Manager  and  all  of  its 
maiu  responsibilities  with  the  greatest 
of  ease.  Da\  is  also  on  the  news  staff 
of  the  Pirr-I/lini  for  which  she  writes 
regularly. 

For  the  few  months  that  Dav  has 
been  in  college,  she  has  proven  herself 
to  be  a  hard  worker,  and  I  know  she 
will  exccll  in  everything  that  she  will 
do  here  just  as  she  has  done  in  the  past. 


The  two  stones  most  commonh  as- 
sociated with  marriage  arc  the  diamond 
and  the  grindstone. 

An  nil!  man  marrying  a  Miimg  girl 
is  like  buying  a  new  car  when  yoii  can't 
drive. 

ir  »  * 

An  experienced  stenographer  is  one 
who  knows  how  to  keep  her  boss  from 
ending  a  sentence  with  a  propositfnn  ! 

Golf  is  a  game  in  which  a  ball  Pj 
inches  in  diameter  is  placed  on  another 
ball  8,000  miles  in  diameter.  The  object 
is  to  hit  the  small  ball  but  not  hit  the 
large  one. 

The  professor  has  been  lecturing  to 
a  \ery  inattentive  group:  "Class  dis- 
inis>ed,  and  don't  flap  \our  ears  or  bra\ 

'HI  the  way  out.  " 

*        »        * 

Many  girls  leave  nothing  to  a  man's 
imagination  and  everything  to  his  self 
control. 


To  the  E.  E. 

or  Physics 
Graduate 

with  experience  in 

Radaz 
or  Electronics 


Here's  a  new  kind  of  career 


Hughes  Research  and 
Development  Laboratories 
a7~c  engaged  in  a  con- 
tinuing program  for 
design  and  manufacture 
of  advanced  radar 
and  fire  control  systems 
in  military  all-weather 
fighters  and  interceptors. 


THE  GREATEST  advancements 
in  electronics  are  being  made 
in  this  sphere  because  of  mili- 
tary emphasis.  Men  now  under 
35  years  of  age  will  find  this 
activity  can  fit  them  for  future 
appHcation  of  highly  advanced 
electronic  equipment. 

YOU  WILL  serve  as  technical 
advisor  in  the  field  to  compa- 
nies and  government  agencies 
using  Hughes  equipment. 

TO  BROADEN  your  field  of 
experience  in  radar  and  elec- 
tronics you  will  receive  addi- 
tional training  at  full  pay 
'~'~~~-;:,     in  the  Hughes  Labo- 
-''"  ratories    to    become 
thoroughly   familiar   with 
Hughes  radar  and  fire  control 
equipment. 

AFTER  TRAINING  you  will  be 
the  Hughes  representative  at 
a  company  where  our  equip- 
ment is  installed;  or  you  will 
advise  in  the  operation  of 
Hughes  equipment  at  a  mili- 
tary base.  (Overseas  assign- 
ments, singk 
men  only.) 
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HOW  HERCULES  HELPS 
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In  quarrying,  as  in  metal  mining,  coal  mining,  and  construction,  proper 
bla>ling  «illi  the  projier  e\plosi\e7i  promotes  higher  production  .  .  .  easier 
work  lor  men  and  ni.uhiiic:-.  Hen  uh^n"  40  years  of  experience  in  the 
dcvelotunent.  manufaclure,  and  u^e  of  explosives  mean  top  efTiciency 
and  economy. 
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JB  Hemilps'  hiisiripss  torlay  helps 
/  L  almost  cvorynne"s  business.  It 
embraces  the  production  of  synthetic 
resins,  cellulose  products,  chemical 
cotton,  terpene  chemicals,  rosin  and 
rosin  derivatives,  chlorinated  products, 
and  many  other  chemical  processing 
materials  —  as  well  as  explosives. 
Through  close  cooperative  research 
with  its  customers,  Hercules  helps  im- 
prove the  processing  or  performance  of 
many  industrial  and  consumer  products. 


Hercules'  tonlinuin<:  crealivu  research  in  chemical  materials  is  reflected  in  an 
increase  in  sales  from  §7,640,741  in  1913  to  S190.202.417  in  1953;  more  than 
10,000  employees;  and  a  history  of  162  consecutive  dividends  since  Hercules' 
organization  in  1913.  Send  for  your  copy  of  our  1953  annual  report. 


HERCULES   POWDER.  COMPANY    WUminglon  99,  Delaware 


HERCULES 
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A  nother  page  for 


YOUR  BEARING  NOTEBOOK 


Jet's  wheel  bearings  have 
to  take  three  kinds  of  forces 

When  the  F86-D  Sabrejet  lands  —  the  wheel  bearings 
fake  a  triple  beating.  There's  the  initial  landing  shock, 
an  almost  instantaneous  acceleration;  and,  if  there's  a 
crosswind,  heavy  thrust  loads.  Bendix  and  North 
American  solved  this  triple  punch  problem  by  using 
Timken®  tapered  roller  bearings  for  all  three  landing 
wheels.  Their  tapered  design  enables  them  to  take 
radial  and  thrust  loads  in  any  combination.  And 
Timken  bearings'  true  rolling  motion  and  incredibly 
smooth  surface  finish  practically  eliminate  friction 
permitting  rapid  acceleration. 


Line  contact  helps  TIMKEN'  bearings 
take  jet  landing  load 

This  cross-section  drawing  shows  one  reason  Timken  bearings  are 
ideal  for  taking  the  heavy  landing  load  of  the  plane  itself.  Note  the 
full  line  of  contact  between  rollers  and  races.  This  gives  Timken 
bearings  high  load  capacity.  It's  a  basic  advantage  of  roller  bearings. 


TIMKEN 


TAPERED  ROLLER  BEARINGS 


Want  to  learn  more  about 
bearings  or  job  opportunities? 

Some  of  the  engineering  problems  you'll  face  after 
graduation  will  involve  bearing  applications.  For  help 
in  learning  more  about  bearings, 
write  for  the  2  70-page  General  In- 
formation Manual  on  Timken  bear- 
ings. And  for  information  about  the 
excellent  job  opportunities  at  the 
Timken  Company,  write  for  a  copy 
of  "This  Is  Timken".  The  Timken 
Roller  Bearing  Company,  Canton 
6,  Ohio. 


NOT  JUST  A  BALL  O  NOT  JUST  A  ROLLER  (ED  THE  TIMKEN  TAPERED  ROLLER  0=^ 
BEARING  TAKES  RADIAL  ^  AND  THRUST  -D-  LOADS  OR  ANY  COMBINATION  ^- 
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To  be  successful,  a  product 
design  must  first  be  simple 
...inexpensive  to  produce. 

HOW  TO  ELIMINATE 
COSTLY  OPERATIONS 
IN  DESIGN 

BFFORH  any  design  is  acceptable, 
meihods  and  costs  of  production 
are  carefully  studied.  Every  needless 
expense  in  material  and  machinery  is 
eliminated  to  meet  price  demands  of 
competition. 

By  using  steel  instead  of  cast  iron, 
substantial  savings  in  material  can  be 
realized.  Steel  is  three  times  stronger, 
2'/i  times  as  rigid  as  iron.  As  a  result, 
only  one-half  to  one-third  the  amount 
of  metal  is  needed  with  steel.  Also, 
steel  costs  only  one-third  the  price  of 
iron,  pound  for  pound. 

In  manufacture,  welded  steel  com- 
ponents can  be  produced  today  at  an 
average  of  50%  less  cost.  Production 
methods  are  simpler  .  .  .'fewer  man- 
hours  are  involved  with  arc  welding. 

With  welded  steel  construction, 
ultimate  savings  are  limited  only  by 
the  ingenuity  of  the  designer.  For  this 
reason,  ever\' product  engineer  needs 
to  keep  in  step  with  the  rapid  prog- 
ress in  low  cost  manufacturing  with 
arc  welding. 


Motor  Swing  Base  ii  fabricated  at  low  cost 
jrtiju  tuhitigaud steelplale.  Weldsaremade 

wilh^'  hidden-arc"  process  in  agehmeratett 
flux,  using  Manual  LincolnueTd, 


DESIGN  AIDS  FOR  LOW  COST 

Principles  of  designing  or  converting  existing 
products  in  welded  steel  ore  presented  in  Lincoln 
Weldesign  Manual  available  at  nominal  cost  for 
hours  of  study.  Write  for  free  design  bulletins  to 


THE  LINCOLN  ELECTRIC  COMPANY 

Cleveland  17,  Ohio 

IHE  WORLD'S  LARGEST  MANUFACTURER  OF 
ARC   WELDING   LQUIPMENT 


Iriihitedure 


by   Dave  Webster 
Arch.  '58 


Architecture  is  a  science-art,  with 
twin  roots  in  asthctics  and  engineering. 
I  iihke  painting  and  sculpture,  the  archi- 
tectural work  of  art  (home,  school,  city 
hall,  bank,  church,  factory)  cannot  be 
brought  into  existence  in  the  isolation 
of  a  studio.  True,  the  building  is  first 
conceived  and  planned  in  the  mind  of 
the  architect  and  then  is  blueprinted  on 
the  drafting  board.  Rut  it  is  built  in 
life,  in  the  world  of  brick  and  stones, 
of  mortgages  and  taxes,  of  rentals  and 
v.tcancies. 

Architecture  is  a  practicing  art,  and 
a  practical  art.  Its  plans  are  carried 
to  material  completion  in  a  hurly-burly 
of  donkey  engines  and  steam  shovels, 
electric  riveting  machines,  acetylene 
torches,  plus  a  medley  of  sidewalk  su- 
perintendents. Even  in  traditional  Amer- 
ican wooden  frame  houses,  the  ring 
of  the  handcraft  carpenter's  hammer 
sings  of  actiity,  as  does  the  wet  swish 
of  the  handcraft  house  painter's  brush. 

Architecture  is  the  most  basic  of  the 
arts.  Today,  as  at  the  dawn  of  history, 
it  satisfies  the  need  for  physical  protec- 
tion and  for  psychological  security.  It 
feeds,  also,  the  individual's  hunger  to  be 
one  of  the  human  community.  These 
aspirations,  rooted  in  primitive  man's 
early  experience,  express  themselves  dif- 
ferently today ;  nonetheless  they  root 
architecture  in   human   feeling. 

Conteniporar)'  architects  call  their  vo- 
cation b\'  new  names.  Present-da\'  mass 
production  industrial  civilization  has  cre- 
ated a  new  art,  they  say.  Some  suggest 
shelter  instead  of  the  rhetorical  greed 
work  derived  from  "master-builder." 
Others  prefer  design  correlation,  design 
co-ordination  or  design  synthesis  to  sug- 
gest the  fact  that  the  architect  is  a  de- 
signer who  integrates  a  variety  of  skills, 
techniques,  bodies  of  knowledge,  and 
methods  of  procedure. 

1  wo  great  wars  have  accelerated,  by 
scientific  discoveries,  the  pioduction  ot 
new  materials.  The  automobile  and  air- 
plane have  altered  our  concepts  of  space 
and  time.  Aesthetic  embellishment  in 
the  sense  of  applied  ornament  does  not 
seem  to  fit  the  period  in  which  we  live. 
-Mounting  costs  of  materials  and  labor 
ha\c  liniiteil   the  ahilit\    to  builil  and   in 


creased  the  need  for  iiutiati\e  and  ini 
agination  in  achieving  economy.  The 
practicing  architect  has  had  to  re-evalu- 
ate his  approach  to  design. 

Architectural  design  was  formerU 
based  on  an  understanding  and  adaption 
(it  historic  st\les.  Traditional  materials 
used  in  uniform  wa\s  deselopeii  estab- 
lished procedures  which  helped  to  stand- 
ardize building  costs.  Public  building.s 
were  often  palatial,  and  a  5';2\0()()  house 
was  a  mansion.  A  five  room  house  of 
todav  costing  about  $10,000  could  have 
been  built  in  the  1930s  for  $3,000  or 
less. 

Architecture  and  engineering,  like 
medicine  and  the  law,  tend  to  close 
their  gates  to  women.  One  well-known 
uiu\ersit\'  will  not  allow  women  to  at- 
tend its  day  classes,  oidy  its  evening 
classes!  In  1940  only  23  per  cent  of 
21,976  architects  were  women. 

Architects  were  formerly  trained  in 
ateliers  or  studios.  The  formal  curricu- 
lum for  the  architectural  student  is  of 
recent  origin.  A  half  centur\'  ago  archi- 
tects were  still  taught  in  a  master-ap- 
prentice relationship.  If  the  master  was 
a  good  architect,  the  system  was  well 
enough.  In  general,  however,  it  fastened 
a  Beaux-Arts  tyranny  on  the  American 
scene,  as  may  be  seen  in  the  pseudo- 
classical  structures  that  dot  the  native 
landscape. 

Illinois  has  a  licen.se  law  for  archi- 
tects. To  obtain  this  license  you  should 
have  a  degree  of  bachelor  of  architecture, 
or  its  equivalent,  you  must  have  served 
at  least  one  year  in  the  employment  of 
a  registered  architect,  and  you  must  pass 
a  written  examination.  As  the  present 
laws  stand  it  is  not  necessary  to  have 
a  degree  in  architecture,  but  one  must 
spend  at  least  ten  years  in  apprentice- 
ship to  a  master  architect. 

Specialization  ultimately  evolves  out 
of  mature  experience,  and  successfid 
practicing  architects  acknowledge  this 
hy  their  insistence  on  well  rounded  col- 
lege training  for  the  architectural  stu- 
dent. 


An  ex-GI  studying  industrial  engi- 
neering in  1949  was  discovered  by  his 
wife  one  m'ght  standing  over  his  baby's 
crib.  Silently  she  watched  him.  As  he 
stood  looking  down  at  the  sleeping  in- 
fant, she  saw  in  his  face  a  mixture  of 
emotions  that  she  had  never  seen  be- 
fore— rapture,  adnu'ration,  doubt,  des- 
pair, ecstasy,  incredulity.  Touched  and 
wondering  alike  at  his  unusual  parental 
attitude  and  the  conflicting  emotions,  his 
wife,  with  eyes  glistening,  arose  and 
slipped  her  arms  around  him.  "A  penny 
for  your  thoughts,"  she  said  in  a  tre- 
mulous voice. 

He  blurted  them  out:  "For  the  life 
of  me,  I  can't  see  how  an\bod\  can 
make  a  crib  like  that  for  three  forts- 
nine." 
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Engineering 


by  Fred  L.  Maytag  II 


Frrd  L.  MAYTIG.  II,  /•nsnirn/  nf  Tin- 
Maytatj  Compariy,  Srii'ton,  Io<v:a,  is  ilir  third 
generation  head  nf  the  ixiashing  machine 
manufarturini)  company  iv/iich  hears  his 
name.  One  of  the  country's  leadinr/  manufac- 
turers, Mr.  Maylacj  is  actiir  in  a  ivide  ranijc 
of  business,  industrial  and  public  affairs,  lie 
is  a  member  of  the  board  of  directors  and 
chairman  of  the  taxation  committee  nf  the 
Xatinnal  Association  of  Manufacturers,  trus- 
tee of  Grinnell  Collet/r,  Grinnell,  Inii.a,  and 
a  member  nf  the  board  of  tjovernnrs  nf  the 
Midivest  Research  Institute.  A  former  Iowa 
State  Senator,  he  has  received  numerous  spe- 
cial recognitions  for  his  accomplishments,  in- 
cluding a  ten-page  picture  layout  in  Life 
.Magazine  featuring  his  community  activities. 
Mr.  Maytag  is  an  enthusiastic  flyer  and 
pilots  his  own  plane  on  business  and  pleasure 
trips. 

A  casual  glance  nt  tlic  classiticd  hi\- 
\ ntisenients  in  any  of  our  metropolitan 
newspapers,  today,  makes  it  apparent  im- 
mediately that  there  is  a  trcmenodus  de- 
mand in  industry  for  graduate  engineers 
nf  all   types. 

This  demand  has  grown  to  its  present 
proportions  because  of  two  basic  condi- 
tions: An  insufficient  supply  of  gradu- 
ate engineers,  and  a  tremendous  increase 
in  the  number  and  types  of  industrial 
jobs  requiring  engineering  graduates. 

.\s  industry,  generally,  has  ad\anced, 
the  complexities  of  its  operation  have  in- 
creased markedly.  As  mass  production 
techniques  have  been  developed,  the  need 
for  technical  know-how  has  grown  cor- 
respondingly. In  the  development  of  new 
products,  and  the  improvement  of  exist- 
ing products  and  processes,  industry  has 
found  it  necessar\'  to  depend  more  and 
more  upon   the  engineer. 

There  was  a  time,  not  so  long  ago, 
when  the  engineer  was  required  in  in- 
dustr\'  primarih-  to  direct  the  mainten- 
niKT  and  research  activities  required  by 
the  employer.  Long  since,  however,  em- 
ployers have  been  looking  to  engineers 
to  fill  an  increasinglv  large  percentage 
of  positions  concerned  with  the  produc- 
tion fimction.  (jradually,  employers  have 
begiui  to  fill  the  vacancies  in  top  man- 
agement positions  with  engineers  \\ho, 
because  nf  their  technical  training  and 
experience,  arc  able  to  comprehend  the 
problems  of  production  management,  as 
well  as  those  of  the  specialized  staff 
functions. 

For  these  reasons,  there  is  almost  no 
limit  to  the  opportunities  available  to 
competent  graduate  engineers.  I  would 
add  one  word  of  caution,  however,  and 


that  is  this:  Industry  is  more  and  more 
concerned  in  finding  in  its  engineers, 
something  more  than  mere  technical 
competence,  or  even  technical  brilliance. 
Industry  wants  engineers  who,  in  addi- 
tion to  their  technical  competence,  have 
an  adequate  concept  of  historical  and 
sociological  aspects  of  the  industrial 
function.  Furthermore,  industry  wants 
in  its  engineers,  a  facility  for  maintain- 
ing satisfactory  personnel  relationships. 
Industry  is  concerned  in  employing  en- 
gineers who  are,  first  of  all,  good  citi- 
zens in  the  broadest  sense  of  the  term  ; 
and  who  are,  secondariK',  good  engineers. 
The  present  employment  opportimi- 
tics  for  engineering  graduates  are  un- 
doubtedly the  best  in  the  history  of  our 
economy.  Even  the  man  who  has  narrow- 
1\'  specialized,  at  the  expense  of  de\elop- 
ing  "the  whole  man,"  can  almost  write 
his  own  ticket — initially.  P'urthermorc, 
he   can   feel    reasonablv  assured   that   in- 


dustr\'s    nerd     for    hi>    specialized     '-kdl 
will  not  diminish. 

I?ut  the  opportututy  to  rise  higher  in 
the  ranks  of  management,  to  positions  of 
broader  rcsponsibilit\',  will  increasingly 
be  reserved  to  those  engineers  who  com- 
bine a  high  degree  of  technical  compet- 
ence with  a  truly  liberal  education,  su- 
perior abilit\'  to  establish  and  maintain 
good  mterpersonal  relationships,  and 
marked  capacity  for  continued  personal 
growth. 


Little  Willie,   He's  a  brat, 
Broke  an  egg  in  Daddy's  hat. 
Then  he  laughed  in  fiendish  glee, 
When     Poppa    said,    "The    yolk's    on 
me." 

\  oil    haven't   really   proved 
If   )ou   are   a  man  or  a  mouse 
I'ntil  you've  spent  a  winter 
With  plumbing  outside  the  house. 

"Tell  me,  Duke,  "  asked  the  solicitous 
American  host  as  his  French  guest  land- 
ed in  New  York,  "what  is  the  first 
thing  you  would  like  to  see  in  the 
United  States?" 

"Zat  ees  easy,  "  said  the  visitor.  "First 
I  weesh  to  meet  ze  amazing  Madame 
Beech  who  had  zo  many  sons  fighting 
weeth  ze  Americain  Army  to  sa\e 
France  in  ze  last  war." 


Mass  production  is  the  key  to  America's 
industrial  development  and  every  manu- 
factured need  can  trace  its  beginning  back 
to  machine  tools  and  precision  measuring 
tools. 

For  over  a  century  the  Brown  &  Sharpe 
Mfg.  Co..  old  in  experience,  young  in 
ideas,  has  been  working  for  the  present 
but  planning  for  the  future;  producing 
the  machine  tools  and  precision  tools  that 


set  the  pace  for  the  nation's  progress. 

The  long  list  of  products  includes 
Milling,  Grinding  and  Screw  Machines  as 
well  as  Machinists'  Tools,  Electronic 
Measuring  Equipment,  Johansson  Gage 
Blocks,  Gutters,  Pumps,  Vises,  Permanent 
Magnet  Chucks  and  numerous  shop 
equipment  and  accessory  items. 

For  information  write  Brown  &  Sharpe 
Mfg.  Co.,  Providence  1,  R.  I.,  U.S.A. 


Brown  i  Sharpe 
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The  Physics  Department's  dem- 
onstration of  static  electricity. 
The  physics  students  are  shown 
giving  a  demonstration  to  an 
Open  House  audience.  These  ex- 
hibits won  the  first  place  for  the 
best  displays  as  judged  by  the 
high  school  students.  Other 
physics  displays  were  gyroscope, 
and  inertia  experiments,  liquid 
nitrogen  and  air.  Van  de  Graff 
generator,  and  cosmic  ray  tele- 
scope. 


The  Mechanical  Engineering  De- 
partment's Open  House  display 
of  their  internal  combustion  lab- 
oratory. Open  House  guests  are 
watching  the  power  and  eco- 
nomy tests  of  the  GMC  engine 
in  the  internal  combustion  lab- 
oratory. This  display  tied  for  sec- 
ond place  with  the  Electrical  En- 
gineers' display.  Other  Mechani- 
cal Engineering  displays  were 
steam  engines,  turbines,  foun- 
dry, and  reaction  time  and  stop- 
ping distance  testers. 
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DPEN  HOUSE 


•      •      • 


This  pan  is  actually  floating  on 
air.  The  aluminum  sauce  pan  is 
supported  by  electromagnetic 
waves  generated  under  the 
table.  The  Electrical  Engineering 
Department's  exhibits  tied  for 
second  place.  Other  exhibits  by 
the  Electrical  Engineers  were 
atomic  cannon,  electronic  lec- 
ture, illumination  lecture,  "Kiss- 
O-Meter,"  and  many  other  in- 
teresting things. 
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Wayne  Barker,  junior  in  Civil 
Engineering  demonstrates 
stream  flow  through  a  culvert. 
Hydraulic  studies  on  models 
such  as  this  have  resulted  in  im- 
proved drainage  structures  un- 
der highways  and  railroads. 
Continuing  research  has  brought 
about  changes  in  design  specifi- 
cations consistent  with  modern 
engineering  theory. 
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important  wire  on  a  hot  snbject . . . 


Even  at  temperatures-  of  ISOfl"  — 
speeds  of  12,000  rpm  —  this  liny 
wire  grid  reports  to  onr  engineers 
on  the  strains  in  jet  turbine  blades. 
It  gives  them  accurate  measure- 
ments for  calculating  stresses 
caused    by    resonance    and    flutter. 

This  basic  information,  in  turn, 
permits  the  design  of  blades  that 
condiine  the  optimum  aerodynam- 
ic characteristics  with  structural 
inlegrily. 

Strain  gages  are  not  new.  But 
our  engineers  had  to  advance  the 
art    considcrahlv    to    get    readings 


at  llicsc  higli  speeds  and  tempera- 
lures.  It  required  the  development 
of  improved  cements,  instrumenta- 
tion, slip  rings  .  .  .  new  application 
techniques  and   calibration  curves. 

INothing  can  ho  loft  to  chance 
in  the  design  of  aircraft  engines 
for  supersonic  flight.  Thus  we  use 
—  and  frequently  improve  on  — 
every  advanced  technique  and  en- 
gineering tool.  This  straight -for- 
ward approach  to  engineering 
l>roblems  is  one  of  the  reasons 
many  outstanding  engineering 
graduates  decide  on  a  career  at 
Trait   iK    \S  liitnev   Aircraft. 


PRATT  &  WHITNEY  AIRCRAFT 

Division   of  United   Aircrofl  Corporation 

East  Hartford  8^  Connecticut 
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way 

—  to  a  promising  future 


A  RECENT  SURVEY  shows  that  many  of  today's 
leading  engineers  and  industrial  executives 
walked  through  this  door  to  start  their  careers. 
In  fact,  the  majority  of  all  leading  positions  in  auto- 
mobile engineering  are  held  by  men  whose  basic 
training  was  in  designing-one  of  the  best  paths  for 
the  young  man  who  wants  an  engineenng  career. 
And  if  you  want  to  be  an  automotive  engineer  you 
can't  find  a  better  place  to  start  than  with  Pontiac. 
Experienced  engineers  stand  ready  and  anxious  to 
help  young  men  with  fresh  ideas  tackle  problems 
that  when  solved  will  mean  still  finer  and  more 
dependable  cars.  Here's  a  company  you  can  grow 
with,  a  company  that  offers  a  future  hmited  only 
by  your  own  ability. 

It's  a  very  logical  way  to  a  career  based  on  oppor- 
tunity and  advancement  and  liberal  compensation 
plus  General  Motors  employment  benefits. 


1 — ^TW?*-  -__J^ 
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Ponliu  -  nu:  it>u  ,  nuineering  building  is  one  of  the 
indu^ll^  ^  inn-^l  mud,  n,  — with  eiery  conceivable  facility  for 
designing  better  and  better  Pontiacs. 


Pontiac 

MOTOR    DIVISION    •    PONTIAC,    MICHIGAN 
GENERAL        MOTORS        C    O    K    P    O    K    A  T    I    O    N 
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WHY  TRAFFIC  SIGNALS  WERE  A  GREAT  HAZARD 
BEFORE   THEIR   STANDARDIZATION 


77/1    iniijiirity  of  intii  slip  into  their  );r(iris  uithoiit  hcii'iii^ 
fiununtfttd  on  thtir  ivay  any  signal  catastrophe. 

ALEXANDER  SMITH,   Dieailltllol  p 


lltlli^t    vCcichI    J^    KiMiil    ;i    ihaiicr 

.igiial>.  lor  lark  dI  luiti.iruil 
rlwfcn  purple,  oraiigi-,  liliir, 
s  iliri-clidiis  as  he  ilriive  Iroiii 
\as  "Slop"  Iji  Nciriie  slates  and 
cllciw,    was    ilie    laiitiim   si;;iial 


As  lale  as  1927  a  coIoi-UImkI  :i 
as  aiuuiie  cif  iiilerpretiiig  Iratlic 
slaiKJanli/atii.ii,  he  cduIiI  clxmse  1 
Kieen,  \ell(j\v,  aiitl  red  liuhls  Icjr  hi 
stale  Id  slate,  (ireeii,  tor  installer,  \ 
"(m)"  111  others.  Red,  instead 
ill  New   \ork  t'it>. 

.'Xiid  a  motorist  would  have  to  stop  his  modern  low-vision 
lar  a  hlock  hack  from  the  next  traffic  light  in  order  to  see  it. 
I'^arlv  signal  towers  often  were  as  high  as  the  second  stor\*  on 
business    buildings. 

I'hese  prolilems  have  been  solved  in  Iwo  national  code' — 
one  on  colors  for  traffic  signals,  and  the  other  on  street  signs, 
signals,  and  markings. 

A  national  code  for  colors  for  traffic  signals  was  first 
formed  in  1927  through  work  of  the  .'\merican  .'\ssociation  of 
Stale  Highway  Officials,  the  National  Bureau  of  Standards,  and 
the  National  Safely  t'ouncil.  It  was  approved  as  an  ."Kmericaii 
Standard.  It  recommended  green  for  "(io"  and  red  for  "Slop," 
now  virtuall\    a   world   standard. 

The  national  code  for  street  traffic  signs,  signals,  and  mark- 
ings was  first  started  in  1927  as  an  American  Standard  under 
the  .American  Engineering  Council.  In  1935  a  joint  committee 
of  the  .American  .Association  of  State  Highway  Officials  ami 
the  National  Conference  on  Street  and  Highway  Safct\  drew 
up  a  Manual  on  Uniform  Traffic  Control  Devices  based  on 
the  prior  work  of  the  .AS.A  project.  It  was  approved  as  an  .Amer- 
ican Standard.  .A  new  edition  of  the  manual  was  begun  in  19-14 
and  published  in  1948,  containing  significant  revisions  to  meet 
present-day  traffic  conditions.  Its  recommendations  for  height 
of  signals  and  design  and  color  of  signs  are  almost  nniversallv 
followed  in  this  countrv. 


HOW  A  STANDARD  FOR  STEAM  BOILERS  BROUGHT 
NEW  SAFETY  TO  AN  OLD  HAZARD 

From  the  earliest  practical  applications  of  steam  for  prime 
movers  in  the  18th  century,  boiler  explosions  were  a  serious  cause 
of  loss  of  life  and  damage  to  property.  Steamboat  boiler  explo- 
sions were  especially  common,  comparing  in  frequency  and  se- 
verity with  the  worst  catastrohies  of  today.  On  April  27,  186";, 
tor  instance,  the  steamboat  Sultana,  plying  the  Mississippi  River 
near  Memphis,   exploded    with  the   loss  of   1450  lives. 

In  1911  the  Council  of  the  .American  Society  of  Mechanical 
Kngineers  appointed  a  Committee  to  Formulate  Standard  Speci- 
fications for  the  Construction  of  Steam  Boilers  and  Other  Pres- 
sure Wssels  and  Their  Care  in  Service  (known  since  1914  as 
the  Boiler  Code  Committee).  It  issued  the  first  .ASME  Boiler 
Code  three   years    later. 

I'he  makers  of  this  code  set  out  to  create  a  set  of  rules  for 
the  construction  and  care  of  steam  lioilers  that  would  be  adopted 
b\  all  the  states  of  the  union.  Today,  28  states  and  territories, 
eight  provinces  of  (^anada,  .Australia,  Mexico  City,  and  a  num- 
ber of  other  countries  and  cities  have  adopted  one  or  more  sec- 
tions of  the  Code.  Through  its  extensive  use  and  uniform  admin- 
istration, the  Code  is  now  in  every  sense  of  the  weird  a  national 
standard. 

The  19S2  Code,  as  revised  and  enlarged,  has  nine  sections 
totaling  some  1,000  pages.  It  is  administered  by  a  committee  ot 
24  members  and  an  executive  committee  of  eight,  made  up  ol 
men  of  special  training  and  experience  representing  designers, 
fabricators,  suppliers  of  materials,  operators,  and  consiilianls. 
Some  three  do/en  subcommittees  serve  under  the  Code  commillee. 

Since  1916  the  record  of  serious  boiler  explosions  has  been 
exceptionally  low,  despite  the  great  increase  in  the  number  and 
size  of  boilers.  I'or  this,  the  Boiler  Code  Committee  has  been  in 
a  large  measure  responsible.  In  a  citation  to  the  committee  in 
September,  19S2,  the  .American  Standards  Association  stated: 
"Probabh  no  other  single  standard  in  .America  has  done  more 
for   national    safrt\    than   the   ASM  I'    Boiler   Code" 


1 1  sliiill  In  a  Vi'xiilion  only  In  iindi  f  sliinil  iht    ripoil. 

1/\IAH.     .\.\\lli 
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Better  Photo  Film 

A  remarkable  new  high  speed  pro- 
fessional sheet  film — Kodak  Royal  Pan 
— is  available  in  all  sizes.  The  new  film 
is  twice  as  fast  as  previous  films  of  this 
type.  The  increase  in  emulsion  speed 
has  been  achieved,  however,  without  ain 
increase  in  film  graininess. 

The  development,  company  officials 
indicated,  represents  a  significant  gain 
in  film  emulsion  technology,  since  until 
the  introduction  of  Kodak  Royal  Pan 
film  emulsion  technologists  have  been 
limited  to  their  abilit\'  to  achieve  in- 
creases in  film  speed  without  accompany- 
ing increases  in  granidarity. 

The  new  film  is  expected  to  prove  of 
tremendous  value  to  press,  commercial, 
portrait,  illustrati\e,  and  industrial  pho- 
tographers. Its  increased  speed  will  be 
particularly  helpful  in  these  fields  since 
it  will  permit  photographers  to  make 
pictures  which  have  heretofore  been  al- 
most impossible. 

The  new  film  has  an  A.  S.  A.  ex- 
posure index  of  200  for  daylight.  The 
tungsten  index  is   160. 

In  addition  to  its  speed  the  film  has 
been  designed  to  give  improved  shadow 
tone  contrast  or  crispness.  At  the  same 
time  the  company  has  been  able  to  in- 
corporate factors  in  the  emulsion  which 
reduce  the  tendenc\'  of  highlights  to 
"block  up,"  as  is  often  the  case  where 
overexposure  or  overdevelopment  occur. 
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This  reduced  blocking  characteristic 
is  expected  to  be  of  particular  help  to 
photographers  when  the  lighting  range 
cannot  be  carefulh'  controlled,  since  the 


This  action  shot  was  made  on 
Kodak  Royal  Pan  film  at  f-4.7,  and 
1    200th  of  a  second. 

resulting  negatives  can  be  printed  with 
less  shading  and  dodging.  In  such  in- 
stances the  greater  transparency  of  the 
highlight  areas  also  will  be  helpful  in 
the  production  of  better  qualit\  piints 
from  difficult  subjects. 

By  design   the  new   film   will   tolerate 


a  very  wide  range  of  both  o\er  and 
underexposure,  and  still  produce  nega- 
tives which  will  make  satisfactory  prints. 
To  further  complement  the  exposure 
latitude,  the  company  has  also  increased 
the  development  latitude  so  that  the  con- 
trast of  the  negative  will  not  change  as 
rapidlx'  with  small  amounts  of  over- 
development. 

For  example,  a  series  of  negatives  ex- 
posed the  same  time  and  developed  for 
4.  5,  and  6  minutes  might  very  easily 
produce  equally  acceptable  prints  on  the 
same  grade  of  paper.  Even  a  negative 
de\eloped  as  much  as  8  minutes  requires 
onl\   one  grade  of  softer  paper. 

The  increased  speed  of  the  film  will 
in  many  instances  permit  pictures  to  be 
made  with  press  type  cameras  which 
heretofore  could  only  be  made  with  re- 
flex or  miniature  cameras  having  faster 
lenses.  Pictures  can  also  be  made  under 
conditions  which  would  previously  have 
been  impossible  for  picture  taking  with 
professional  sheet  film  cameras,  (^n  the 
other  hand,  the  new  film  offers  tre- 
mendous opportunities  for  improving  the 
general  run  of  photography  because  the 
lens  stop  can  now  be  set  one  full  stop 
smaller  leading  to  increased  depth  of 
field  or  range  of  sharpness,  or  the  shut- 
ter speed  can  be  doubled  to  better  stop 
subject  movement. 

Still  other  benefits  offered  by  the 
new  film  is  improved  speed  relate  to 
its  effectiveness  with  \arious  types  of 
lighting  equipment. 

The  possibilities  for  the  effective  and 
convenient  use  of  very  small  flash  lamps 
— such  as  the  No.  S's — arc,  for  example, 
definitely  improved.  The  faster  film  also 
makes  portable  speedlights  the  equiva- 
lent of  being  twice  as  bright,  or,  look- 
ing at  it  from  another  way,  it  opens 
possibilities  for  the  building  of  e\en 
smaller,  lighter  weight,  units. 


.Art:    "Is    your  girl    spoiled?" 

Sam:   "No,   it's  just   the   perfume  she 
wears." 

»  *      * 

"I   hear  he  was  a  big  gun  in  college." 
"That  so?  What  kind?" 
"A  sort  of  smooth  hore." 


Kd  CJardner's  friend,  Pinnegan,  was 
down  at  Duffy's  Tavern  enjoying  a 
glass  of  beer.  "How  many  barrels  of 
beer  do  you  use  a  day?"  he  asked  the 
proprietor. 

"P"our,"  said  the  barkeep.  "Why  do 
\nu  ask?" 

"Cause  I  can  tell  you  how  you  could 
use  eight  barrels  a  day." 

"You  can?"  came  the  delighted  re- 
sponse. "How  can  I?" 

"Give  full  glasses,"  Pinnegan  retorted 
bitterly. 
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TAKE   YOUR   PLACE 
IN   A    FIELD   WITH    A    FUTURE.. 


Is  there  still  some  question  in  your  mind  as  to 
just  where  you  fit  into  the  engineering  picture? 
If  there  is  .  .  .  and  you  want  to  apply  your  abil- 
ity to  a  wide  scope  of  industrial  and  scientific 
activity  .  .  .  consider  the  expanding  field  of 
instrumentation. 

The  increasing  use  of  instruments  to  control 
production  lines  ...  to  test  products  ...  to  solve 
research  problems  is  reflected  in  the  spectacular 
growth  of  the  field.  In  recent  years,  sales  of  elec- 
trical measuring  instruments  have  risen  455% 
and  sales  of  scientific  instruments  655%. 

Here  at  Leeds  &  Northrup,  we  help  to  meet 
these  demands  for  more  and  better  instrumentation. 
We  are  a  leading  supplier  of  automatic,  high  pre- 
cision, balance-type  electrical  instruments  for 
many  segments  of  industry.  Our  automatic  and 
manual  laboratory-type  instruments  for  the  worker 
in  science  and  research  are  recognized  throughout 
the  world.  In  addition,  we  are  among  the  leading 
makers  of  furnaces  for  heat  treating. 

Perhaps  your  opportunity  is  in  our  sales  engineer- 
ing division  -  helping  to  analyze  and  to  solve  the 
instrumentation  problems  of  our  customers.  Or,  as 
a  market  development  engineer,  you  would  be  con- 
cerned with  fitting  L&N  instruments  to  new  groups 
of  applications.  Your  interest  may  lie  in  the  design 
and  manufacturing  of  L&N  products.  If  so,  you 
may  quahfy  for  an  opening  in  product  engineering, 
industrial  engineering,  research,  inspection  or  else- 
where among  our  3000  people. 

Decide  now  to  investigate  your  place  in  the  field 
of  instrumentation.  Ask  your  placement  officer  for 
a  copy  of  our  booklet,  "Career  Opportunities" 
which  describes  the  highlights  about  L&N.  Or, 
write  to  the  "Industrial  Relations  Department, 
4850  Stenton  Ave.,  Philadelphia  44,  Pa. 


LEEDS, 


NORTHRUP 


automatic  controls 


Allonlo  •  Boston  •  Buffalo  •  Chicago 
Horlford  •  Houston  •  Los  Angeles  •  M 
Pittsburgh  •  Son  Francisco  •  Seattle  • 
&   Northrup,    ltd.,   Birmingham,   Eng. 


Cleveland  •  Delroi 
York  •  Philadelphii 
Iso   •    Integra,    Leed 
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Only  STEEL  can  do  so  many  jobs  so  well 


They  Chew  Their  Way  to  Wealth.  These  teeth  are  capable  of  chewing  through  earth,  sand 
;inil  ruck  for  thousands  of  ft't-t  until  they  reach  Nature's  buried  treasures  of  gas  and  oil. 
K(^)ck  bits  like  this  need  super-strength,  amazing  toughness,  high  resistance  to  impact, 
abrasion,  and  shock.  So,  many  of  them  are  made  from  USS  Alloy  Steels.  And  United  States 
Steel  also  provides  many  other  essentials  for  oil  drilling,  such  as  wire  lines,  drill  pipe, 
cement,  drilling  rigs. 


A  Man  Needs  a  Cookie  once  in  a  while! 

And  when  ci>()kics  are  kept  in  a  tight 
cookie  tin  likr  this,  they'll  be  fresh  and 
appetizing  for  him.  The  can  is  steel,  of 
course  .  .  .  made  out  of  the  same  USS 
Tin  Plate  that  is  produced  by  U.S. 
Steel  to  make  millions  of  "tin"  cans 
every  year  for  the  protection  of  food, 
oil,  paint  and  countless  other  things. 


For  further  information  on  any  product 

mentioned  in  this  advertisement,  write  United  States  Steel, 

525  William  Penn  Place,  Pittsburgh  30,  Pa. 


TED  STATES  STEEL 


Scoop!  And  a  big  one,  too  ...  it  can  scoop 
out  21.5  cubic  yards  of  earth  per  minute, 
has  a  boom  215  feet  long!  The  drag  lines, 
boom  support  cables  and  hoisting  ropes  on  a 
behemoth  Hke  this  must  have  great  strength, 
durability.  tl<xibiht  y,  fatigue  resistance.  Tiger 
Hrand  Wire  Hopes,  made  by  U.S.  Steel,  meet 
all  r...,uire,nents. 


OPPORTUNITIES 
WITH  U.S.  STEEL 

If  you're  thinking  about  what  you're 
going  to  do  after  graduation  ...  if 
you're  interested  in  a  challenging,  re- 
warding position  with  a  progressive 
company  .  .  .  then  it  will  pay  you  to 
look  into  the  opportunities  with 
United  States  Steel.  Your  placement 
director  can  give  you  more  details, 
or  we'll  be  glad  to  send  you  the  in- 
formative booklet,  "Paths  of  Oppor- 
tunity." United  States  Steel  Corpo- 
ration, 525  William  Penn  Place, 
Pittsburgh  30,  Pennsylvania. 


This  trade-mark  is  your  guide  to  quality  steel 


AMERICAN  BRIDGE . .  AMERICAN  STEEL  S  WIRE  ond  CYCIONE  FENCE  .  .  COLUMBIA-GENEVA  STEEL  .  .  CONSOLIDATED  WESTERN   STEEL  .  .  GERRARD  STEEL  STRAPPING  .  .  NATIONAL  TUBE 

OIL  WELL  SUPPLY  .  .  TENNESSEE  COAL  8  IRON  .  .  UNITED  STATES  STEEL  PRODUCTS   .  .  UNITED  STATES  STEEL  SUPPLY  .  .  Diyithn,  ol  UNITED  STATES  STEEL  CORPORATION,  PinSBURGH 

UNITED  STATES  STEEL  HOMES,  INC.    ■    UNION  SUPPLY  COMPANY    •    UNITED  STATES  STEEL   EXPORT  COMPANY    ■    UNIVERSAL  ATLAS  CEMENT  COMPANY  '-''"> 
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our  cover 

It  seems  as  though  the  more  we  hear  about  the  develop- 
ment of  atomic  weapons,  the  more  we  hear  also  of  research 
in  peacetime  uses  of  this  tremendous  power.  Some  of  the  uses 
shown  here  are  already  on  the  drawing  board  and  will  be 
realities  in  the  very  near  future.    Dave  Templeton  drew  the  cover. 


our  frontispiece 

A  view  of  the  Abbott  Power  Plant  at  the  University  of 
Illinois.  The  plant  is  one  of  the  most  modern  in  this  state.  It 
is  equipped  with  dust  collectors  which  nearly  eliminates  the 
soot  nuisance.  Three  men  per  shift  can  operate  and  maintain 
the   plant. 
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To  a  young  engineer 


All  your  life  you've  been  heading  for  this . . . 

A  place  where  ideas  flourish,  grow  into 
realities. 

A  place  where  you're  creating;  contribut- 
ing to  human  progress;  using  to  the  full 
your  engineering  education. 

A  place  where  what  a  man  knows  and 
what  he  can  do  are  the  things  tliat  determine 
his  future. 

Here  at  IBM,  whether  you're  an  ME,  EE, 
or  Engineering  Physicist,  whether  your 
major  interest  is  research,  product  design, 
or  product  development,  there's  something 
big  for  you   to  do,  somelhing  that  gives 


with  his  eye  on  the  future 


you  not  merely  "job  satisfaction,"  but  job 
enthusiasm! 

Your  placement  officer  has  copies  of  a 
new  32-page  brochure  picturing  work  at 
IBM  Engineering  Laboratories.  It's  titled 
"Opportunities  Unlimited."  Ask  him  for  a 
copy  today.  Or  write  Mr.  W.  M.  Hoyt,  Engi- 
neering Recruitment  Office,  International 
Business  Machines,  590  Madison  Avenue, 
New  York  22,  N.  Y. 


IBM 


Leading  manufacturer  of  electronic  digital  com,' 
puters," electronic  and  electrical  business  ma- 
chines, time  systems  and  electric  typewriters. 
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Our  recently  published  annual  report  to  stockholders 
tells  more  than  the  financial  story  of  the  progress  of 
Standard  Oil  and  its  subsidiary  companies  in  1953.  Its 
facts  and  figures  also  reflect  the  achievements  of  engi- 
neers and  chemists. 

For  example,  the  report  points  out  that: 

More  new  and  imi^roved  products  were  introduced 
by  our  company  last  year  than  in  any  other  year 
since  World  War  II. 

Our  scientists  developed  the  Ultraforming  proc- 
ess, a  new  and  better  catalytic  reforming  method 
for  improving  the  quality  of  the  straight-run 
portions  of  gasoline. 

Three  new  research  laboratories  were  completed. 

More  than  $200  million  was  invested  last  year 

in  new  and  improved  facilities.     (This  year  and 

next  we  expect  to  invest  a  total  of  about  half  a 

billion  dollars.) 

This  continuing  program  of  physical  expansion  and 

product  development  at  Standard  Oil  provides  many 

opportunities  for  engineers  and  chemists.     Men  with 

technical  and  scientific  training  have  found   great 

personal  and  professional   satisfaction  in  our  steady 

industrial  advance. 


Nearly  a  quarter  of  a  billion 
during  19r)4  and  1955  in  dc 
oil  production  and  reserves. 


.  .       I        '  ill   lie  ulM'stcd 
•ln|iinrnt  ot  new  crude 


Basic  research  on  lubrication  is  one  of  the  many  activ- 
ities at  Standard  Oil's  extensive  Whiting  laboratories. 


Almost  a  billion  and  a  half  dollars  has  been  invesU'd 
in  expansion  and  improvement  of  facilities  since  1945. 


Standard  Oil  Company 


910  Soulh  Michigan  Avenue, 
Chicago  80, 
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Peacetime  Uses  of .  .  . 

ATOMIC  ENERGY 


by  Alan  England,  E.Ph.  '54,  and  Larry  Kiefling,  M.E.  '56 


A  series  of  four  lectures  entitled  "The 
Atom  Outside  of  War"  was  gi\en  with- 
in the  last  month  on  the  University  of 
Illinois  campus  in  Gregory  Hall  Audi- 
torium. This  series  was  sponsored  by 
Sigma  Xi  research  fraternity  and  was 
intended  to  replace  the  monthly  lec- 
tures usually  given  by  Sigma  Xi.  John 
C.  McCjregor,  vice  president  of  Sigma 
Xi,  and  H.  O.  Halvorson,  president  of 
Sigma  Xi,  originally  planned  the  lec- 
ture series  without  a  detailed  outline 
of  the  subject  material  since  the  lec- 
tures were  to  give  the  latest  develop- 
ments   in    the    field    of    atomic    energy. 

The  lecture  series  was  intended  to 
promote  interest  in  the  monthly  lec- 
tures which  had  been  given  in  the  past 
without  regard  to  coherent  theme  or 
logic.  The  speakers  chosen  for  this  par- 
ticular series  were  so  selected  because 
they  were  leaders  in  their  rspective  fields 
and  could  thus  give  the  latest  up-to-date 
information   on   this   "hot  subject." 

The  first  lecture,  given  on  February 
22,  was  entitled  "The  Outlook  for  In- 
dustrial Xuclear  Power."  The  speaker, 
Dr.  Alvin  M.  Weinberg,  is  currently 
director  of  research  at  the  Oak  Ridge 
National  Laboratory.  Weinberg  studied 
biophysics  at  the  University  of  Chicago 
and  duiing  World  War  II  helped  de- 
velop the  Hanford  chain  reactor.  His 
present  work  deals  with  the  topic  of  the 
lecture,  the  development  of  nuclear  pow- 
er. 

Dr.  Weinberg  mentioned  that  the  first 
use  of  atomic  energy  industrially  would 
probably  be  the  utilization  of  small  re- 
actors for  isolated,  small  scale  projects 
as  mines,  air  bases,  military  installations, 
and  ships.  The  very  fact  that  a  reactor 
could  be  built  for  use  in  a  submarine 
has  already  shown  th;it  the  use  of  small 
reactors  is  feasible  where  the  cost  is  not 
important.  Large  scale  power  plant  reac- 
tors will,  in  all  probability,  first  be  used 
in  areas  where  power  costs  are  now  high 
as,  for  example,  in  England,  in  some 
parts  of  South  America,  and  in  other 
places  where  supplies  of  fossil  fuels  are 
in  short  supply. 

The  reactors  now  in  use  exploit  the 
inherent  advantages  of  nuclear  fuels: 
compactness,    oxygen    independence,   low 


temperature  operation,  and  regeneration. 
The  very  fact  that  a  reactor  can  be  made 
as  small  as  necessary  allows  it  to  be  used 
where  size  is  important,  as  in  airplanes 
and  ships.  However,  there  is  a  limit  to 
the  power  output  and  efficiency  of  such 
reactors  so  that  it  appears  that  their 
use  in  automobiles  is  not  feasible  at  this 
time.  Large  amounts  of  fuel  will  not 
be  needed  with  such  power  plants,  how- 
ever periodic  chemical  treatment  of  the 
reactor  "fuels"  is  necessary  to  remove 
waste  products.  Since  the  reactors  can 
be  operated  at  low  temperatures  for 
many  operations,  only  small  size  heat 
exchangers  will  be  necessary  as  a  rule. 
The  most  desirable  characteristic  of 
an  atomic  reactor  is  its  ability  to  produce 
its  own  fuel.  Fissionable  U  2?i^,  in  a 
process  known  as  breeding,  is  produced 
from  L'  238  when  subject  to  the  radia- 
tions found  in  some  reactors.  U  238  is 
the  material  that  fissions  and  thus  pro- 
duces the  chain  reaction  that  keeps  the 
pile  in  operation. 


Three  desirable  characteristics  not  in- 
herent in  reactors  and  which  must  be 
developed  are  cheapness,  reliability,  saf- 
ty,  and  desirable  fuel  characteristics. 
I  ranium  is  perhaps  the  most  expensive 
ingredient  in  the  reactor.  Other  materi- 
als which  are  able  to  withstand  the  ra- 
diations, the  temperature,  and  the  pres- 
sure found  in  such  installations  are  also 
necessary  in  large  quantities.  The  chem- 
ical techniques  involved  in  separating 
the  radioactive  waste  products  are  long, 
tedious,  and  expensive.  Another  item  is 
the  amount  and  type  of  shielding  neces- 
sary to  prevent  the  human  operators 
from  being  over  exposed  to  the  intense 
radiation  of  the  pile.  Elaborate  precau- 
tions must  be  taken  to  dispose  of  the 
radioactive  waste  products  so  that  they 
will  not  endanger  humans. 

Since  so  many  remote  control  opera- 
tions are  necessary,  and  since  such  ex- 
treme operating  contditions  are  placed 
on  the  machines  involved  in  these  opera- 
tions,  the  reactors,  at  the  present  time. 


A  slide  used  by  Dr.  Luria  in  his  lecture.  The  "tagged"  viruses  are  the  small 
dots  with  tails.  The  large  dot  is  a  particle  of  known  diameter  used  for 
measuring.  The  photograph  is  from  an  electron  microscope. 
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arc  fairly  umi-liablc.  Future  tfcliiiologi- 
cal  ailvaiK-i's  can  lie  cNpcctcil  to  solve 
tliis  problem   however. 

(looihvili  eonsiilerations  abroad  nii;;ht 
well  out\veii;h  the  benefits  of  ilonustie 
cost  advantages  that  at  first  would  be 
vanishingly  small.  However,  as  our  sup- 
plies of  oil  and  coal  diminish,  and  as 
atonuc  power  becomes  more  and  more 
efficient  nuclear  power  plants  will  be- 
come increasingly  more  advantageous  to 
our  domestic  economy.  Large  scale  cen- 
tral pouer  plants  will  proiluce  electrici- 
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The  new  viruses  or  the  medium  of 
the  bacteria  are  "tagged"  and  the 
virus  shown  at  the  top  is  checked 
for  radioactivity.  This  is  another 
tracer  technique. 

ty  for  both  a  lower  installation  cost  and 
a  leduced  operating  cost,  however,  much 
work  remains  to  be  done  in  developing 
such   plants. 

The  second  lecture,  given  on  March 
1  by  Salvador  E.  Luria,  University  pro- 
fessor of  bacteriology  and  one  of  the 
nation's  inost  noted  scientists  in  his  field, 
concerned  the  use  of  radioactive  atoms 
in  biological  research.  The  two  uses 
that  were  mentioned  were  in  tracer 
techniques  and  in  the  determination  of 
the  age  of  fossils. 

One  tracer  technique  is  to  inject  a 
radioactive  substance  into  a  parasite.  The 
parasite  is  then  allowed  to  enter  a  host 
where  the  parasite's  locationand  extent 
is  determined  by  checking  with  a  geiger 
counter  where  the  radiations  from  the 
tracer  in  the  parasite  leave  the  body  of 
the  host  with  the  greatest  intensity.  An- 
other use  of  tracers  might  be  in  the 
study  of  photosynthesis.  Plants  require 
the  gas  carbon  dioxide  in  order  to  pro- 
duce food  by  photosynthensis.  By  sur- 
rounding an  experimental  plant  with 
carbon  dioxide  containing  radioactive 
carbon,  the  path  of  the  sugar  produced 
in  this  process  can  be  traced  with  a 
counter.  In  such  a  tracer  technique  a 
small  amount  of  the  radioactive  isotope 
to  be  used  as  a  tracer  is  used  with  a 
large  amount  of  the  same  clement  which 
is  not  radioactivity.  A  varying  amoinit 
of  radioactivity  is  thus  made  possible 
by   controlling   the  consentration   of   the 


radioactive  isotope.  The  isotope  and  in- 
ert element  are  chemicalh  identical  but 
not  both  radioactive.  Hoth  are  treated 
the  same  way  by  the  organism  which 
absorbs  them. 

The  second  use  of  radioactive  atoms 
is  to  determine  the  age  of  fossils  and 
geological  starata.  Since  it  is  fairly  cer- 
tain that  the  amount  of  radioactive  car- 
bon contained  in  the  atmosphere  has 
be-.-n  held  fairly  constant  over  the  last 
few  million  vears,  thus  the  amount  ab- 
sorbeil  bv  living  things  long  ago  should 
have  been  the  same  as  is  now  absorbed 
hv  living  things  today.  By  measuring 
the  tiecrease  in  activity  of  the  radioactive 
carbon  contained  in  old  fossils  compared 
to  that  contained  in  the  bones  of  today, 
a  good  estimate  can  be  made  as  to  how 
old  the  fossils  are.  The  radioactive  car- 
bon in  the  bones  has  a  very  long  life 
expectancy  and  thus  will  remain  in  the 
hones  for  several  hundred  thousand  years 
before  entirely  decaying  and  disappear- 
ing. This  life  expectancy  is  known  quite 
accuratelv  and  thus  the  age  may  be  de- 
termined   quite   accurately. 

Rodger  A.  Harvey,  head  of  the  Ra- 
diology Department  and  acting  dean  of 
the  College  of  Medicine  presented  the 
next  lecture  on  March  8  concerning 
radioactivitv'  in  conjunction  with  medi- 
cine. Harvey  joined  the  University  staff 
in  1946,  and  in  addition  to  his  other 
titles,  he  is  acting  medical  director  of 
the  Education  and  Research  Hospitals 
in   Chicago. 

Dr.  Harvey  stated  that  radioactive 
materials  are  used  in  medicine  as  radia- 
tion sources  and  as  tracers.  Radiation 
sources  are  used  for  the  treatment  of 
such  di.seases  as  cancer  and  leukemia. 
Tracers  are  used  extensively  for  research 
and  diagnosis  of  disease. 

Tracers,  as  mentioned  before,  are  ra- 
dioactive isotopes.  The  course  of  these 
tracers  can  be  followed  by  measuring 
the  radiation  from  them.  Some  elements 
pass  quickly  through  the  body  while 
others  tend  to  stay  in  the  body  and  con- 
centrate in  certain  places  such  as  the 
bones  and  the  liver. 

Over  one  thousand  radioactive  iso- 
topes have  been  produced  and  tried  but 
only  a  few  have  been  found  useful. 
Many  were  rejected  because  they  had 
a  life  time  which  were  too  short  (some- 
times a  very  small  fraction  of  a  second ) . 
Others  give  radiations  too  weak  to  pene- 
trate the  body  tissues,  some  give  off  a 
very  small  amount  of  radiation — too 
little  to  do  any  good,  others  are  toxic 
to  the  body,  and  others  cannot  be  di- 
gested in  the  body. 

Radium  has  long  been  used  as  a  source 
of  radiations  for  the  treatment  of  cancer. 
Cobalt  60,  which  is  less  expensive  is  now 
being  used  with  much  success.  Radio- 
.ictive  iodine  is  being  \ised  to  treat  can- 
cer  of    the    thyroid    gland.    The    iodine 


concentrates  in  the  thyroid  gland  and 
destroys  any  cancer  cells  in  the  gland. 
Radioactive  phosphorous  is  used  to  help 
cure  leukemia,  a  malady  involving  an 
(Acess  of  white  blood  cells.  The  phos- 
phorus concentrates  in  the  nucleus  of 
rile  white  blood  cells  and  the  radioactivi- 
ty thus  kills  the  cell. 

The  large  amount  of  research  which 
has  already  been  conducted  has  separat- 
ed the  useless  materials  from  the  useful. 
This  has  taken  tremendous  amounts  of 
time,  money,  effort  because  of  the  large 
number  of  isotopes  which  needed  to  be 
studied.  As  Dr.  Harvey  said  concern- 
ing the  problems  yet  to  be  solved,  "The 
situation  actually  calls  for  an  unlimited 
number  of  super-geniuses." 

"Social  Implications  of  the  Atom  Out- 
side of  War"  was  the  title  of  the  fourth 
and  last  lecture  given  on  March  15. 
The  speaker,  Gordon  Dean,  former  head 
of  the  Atomic  f'nergy  Commission,  is 
well  known  for  his  book  "Report  on 
the  Atom"  published  last  year.  Dean  is 
currenth'  employed  by  Lehman  Brothers 
of  New  York. 

Gordon  Dean  said  before  a  packed 
auditorium  that  "social  revolution  will 
not  result"  from  the  use  of  the  atom  in 
peacetime.  In  addition  he  mentioned  that 
he  could  not  make  any  long  range  pre- 
dictions about  atomic  energy  and  likened 
our  present  situation  to  the  early  days 
of  electricity. 

"Suppose  we'd  asked  Ben  Franklin 
ten  years  after  he  played  with  his  kite 
about  modern  uses  of  electricity.  What 
could  he  have  told  us  about  television 
and  electronics?"  Dean  asked. 

Dean  conservatively  predicted  that 
peacetime  uses  of  atoms  would  fit  into 
patterns  already  established  and  further 
present  trends.  He  doubted  that  atomic 
power  would  "make  over  the  industrial 
face  of  a  country."  Only  where  conven- 
tionally made  electricity  costs  too  much 
or  is  unavailable  will  atomic  power  be 
economical.  Underdeveloped  areas  like 
Brazil,  or  irrigation  systems  and  mineral 
tleposits  ill  our  own  West  which  are 
far  from  other  generating  centers  would 
benefit  from  atomic  power. 

Long  established  industrial  areas 
might  switch  from  coal  to  atomic  power. 
Chicago  and  New  York  can  get  elec- 
tricity from  atomic  reactors  in  the  next 
ten  years  but  costs  would  be  about  the 
same. 

Large  scale  use  of  atomic  power  to 
free  coal,  gas,  and  oil  for  other  uses 
should  be  emphasised,  however  the  idea 
of  small  atomic  power  packages  for  auto- 
mobiles should  be  deemphasized. 

Dean  was  optimistic  about  radioactive 
isotopes  in  medicine,  industry  and  agri- 
culture. He  said  isotopes  will  play  a  big 
part  in  cancer  research  and  treatment, 
although  no  spectacular  cancer  cure  is 
yet   in    sight. 
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A    CAMPUS-TO-CAREER    CASE    HISTORY 


Fresh  out  nf  schodl.  Bob  Wilson.  '53.  was  put  to 
work  on  a  Transistor  project  at  Bell  Laboratories. 
He  explains  why  he  never  had  time  to  be  awed. 


[Reading  time:  39  seconds) 


Bob  Wilson  uses  a  "breadboard"  circuit,  studying  the  electrical  properties  of  a  carrier  system 


Ln  some  ways  it  was  hard  to  believe. 
I  liad  received  my  B.E.E.  at  the  University  of  Dela- 
ware in  June,  1953,  and  a  week  later  I  was  working 
in  tlie  world-famous  Bell  Laboratories. 

"But  I  didn't  have  time  to  be  awed  because 
they  put  me  right  to  work.  They  gave  me  responsi- 
l)ility  fast. 

"My  group  was  working  on  the  experimental 
application  of  transistors  to  carrier  systeins.  My 
assignment  was  tlie  electrical  design  of  a  variolosser 
for  the  compressor  and  for  the  expander  to  be  lo- 
cated in  the  tenninals. 

"The  supervision  I  received  and  the  equipment 
I  had  were  tops.  I  quickly  discovered  that  I  had  to 
rely  on  my  ingenuity  as  much  as  on  the  college 
courses  I  had  taken.   Perhaps  that's  one  reason  for 


the  great  new  discoveries  continually  turned  out  by 
the  Labs. 

"Now  I'm  in  the  Communication  Development 
Training  Program,  continuing  my  technical  educa- 
tion and  learning  what  all  the  Laboratories  sections 
do  and  how  their  work  is  integrated. 

"In  a  year  I'll  be  back  working  with  the  group 
with  which  I  started." 


Assuming  respoiisibilily  fast  is  a  coiniiion  experi- 
ence among  the  engineering,  physical  science,  arts 
and  social  science,  and  business  administration 
graduates  who  join  the  Bell  System.  Boh  Wilson 
went  with  Bell  Laboratories.  There  also  are  job 
opportunities  with  the  operating  telephone  com- 
panies. Western  Electric  and  Sandia  Corporation. 


BELL    TELEPHONE     SYSTEM 
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FIBERGLAS 


.  .  .  a  reinforced  plastic 


by  Norman  E.  Goelzer,  M.E.  '56 


Fibcrfjlas  is  ;i  new  niatcrial  which  is 
being  used  in  nian\  \\a\s.  This  nt-w 
engineering  material  called  Fiberglas  is 
being  used  more  and  more  in  the  air- 
craft and  electrical  industries,  but  it  is 
also  used  tor  items  built  by  the  home 
craftsman.  Fiberglas  products  are  formed 
in  se\eral  different  molding  processes 
depending  upon  the  type  of  part  to  be 
made  and  the  number  of  parts  to  be 
produced. 

There  are  two  t\pes  of  plastics:  ther- 
moplastic plastics  (those  which  can  be 
reshaped  with  heat)  and  thermosetting 
plastics  (those  which  cannot  be  reshaped 
with  heat).  Fiberglas,  as  it  is  commonly 
called,  belongs  to  the  group  of  thermo- 
setting reinforced  plastics.  The  name, 
Fiberglas,  is  the  trade  name  for  the 
glass  fabrics  produced  by  the  Owens- 
Corning  Fiberglas  Corporation,  and  it 
was  given  to  the  first  reinforced  plastics 


produced  with  glass  reinforcement.  Ac 
tually,  the  proper  name  for  Fiberglas 
products  is  reinforced  plastic  laminates 
or  plastic  laminates,  since  Fiberglas  is 
a  series  of  layers  of  reinforcing  material 
bonded  together  b\  a  substance  called 
resin. 

A  plastic  laminate  is  comparable  to 
reinforced  concrete.  The  reinforcing 
agent  in  a  Fiberglas  product  has  the 
same  function  as  the  steel  wire  that  is 
imbedded  in  concrete:  they  both  carr\' 
tensile  stress.  The  resin  is  also  similar 
to  concrete  in  that  it  is  applied  in  the 
liquid  state  and  then  hardened  to  form 
the  rigid  product. 

There  are  several  groups  of  resins 
used  to  bond  together  the  reinforcing 
agent.  Each  group  contains  one  or  more 
specific  types.  These  resins  are  grouped 
according  to  their  basic  chemicals,  and 
the  t\pes  are  classified  according  to  the 


Impregnating   the  cloth   with   paint  brushes.     Care   must   be  taken   to   avoid 
bubbles. 


properties  that  they  give  to  the  final 
product.  These  groups  are:  phenolic, 
melamine,  epoxy,  silicone,  and  polyester. 
The  polyester  group  contains  the  follow- 
ing types  of  resins:  water-resistant,  fire- 
resistant,  flexible,  rigid.  high-viscosit\ , 
low-viscosity,  quick-setting  and  slow-set- 
ting. 

1  he  phenolic  group  is  useil  in  the 
"high-pressure"  process  where  quick  set- 
ting and  cure  characteristics  are  needed. 
In  adtlition  to  the  phenolic  group,  the 
melamine,  silicone,  and  epoxy  groups  are 
sometimes  used  in  a  high-pressure  pro- 
cess. The  high-pressure  process  is  most 
generally  used  in  mass  production  manu- 
factLiring  because  of  the  speed  with 
which  the  product  is  made.  This  process 
uses  metal  molds  which  have  pressures 
from  3(JI)  to  1,0(10  poinids  per  square 
inch  applied  by  hydraulic  presses.  Pres- 
sure is  needed  because  volatile  gases  are 
given  off  during  the  curing  process  form- 
ing bubbles  that  mar  the  SLirface  if 
pressure  is  not  applied  to  force  them 
out.  Heat  is  applied  to  speed  the  cviring 
process.  Phenolic  resins  are  more  adapta- 
ble to  this  type  of  process  than  the  other 
types  of  high-pressure  resins  since  no 
adverse  effects  of  warping  or  cracking 
occur  from  the  heat  or  pressure. 

The  resins  of  the  polyester  group  are 
capable  of  being  molded  at  low  pressures 
or  without  pressure  because  no  volatile 
gases  are  given  off;  therefore  these  res' 
ins  are  called  low-pressure  or  contact 
resins.  The  heat  necessar\-  for  curing 
these  resins  is  produced  by  chemical  re- 
action. Since  the  polyester  resins  require 
no  heating  and  no  pressure  equipment, 
they  are  the  ones  most  commonly  used. 
In  most  cases,  the  type  of  polyester  resin 
that  is  used  for  a  certain  job  depends 
upon  the  object  to  be  constructed  and 
the  method  available  for  the  construc- 
tion. In  other  cases,  determining  the 
best  type  of  resin  to  use  is  highly  experi- 
mental since  the  field  is  still  relatively 
new. 

Since  polyester  resins  are  most  com- 
monly used,  they  are  the  most  important 
group.  This  group  of  resins  is  produced 
from    a    by-product   of    the    refining    of 
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gasoline.  Actually,  the  polyester  resin 
is  an  alkyd-base  resin,  but  it  is  frequent- 
ly referred  to  as  a  polyester  resin.  The 
product  from  the  refining  of  gasoline 
is  reacted  with  a  diabasic  acid  with 
dihydric  alcohols.  After  the  chemical 
reaction  between  the  acid  and  the  al- 
cohol has  taken  place,  the  new  product 
formed  is  co-polymerized  with  styrene 
or  some  other  monomer  in  a  heating 
process  called  "cooking."  This  cooking 
process,  if  continued  long  enough,  will 
cause  the  resin  to  harden ;  therefore  it  is 
stopped  at  some  intermediate  time.  This 
leaves  the  resin  in  a  liquid  form  but 
with  the  abilit)'  to  harden  if  heat  is 
applied.  The  additional  heat  for  the 
hardening  of  the  resin  is  applied  by  the 
addition  of  chemicals  which  react  to 
form  the  necessary  heat.  During  this 
cooking  process,  the  physical  properties 
of  the  resin  are  greatly  changed  by  the 
length  of  time  it  is  cooked  and  by  the 
addition  of  various  chemicals.  Phthalic 
acid  is  added  to  give  the  resin  hardness ; 
sehasic  acid  gives  the  property  of  flexi- 
bility to  the  resin ;  butyl  alcohol  and 
glyceral  gi\e  the  resin  different  degrees 
of  viscosity.  The  chemicals  added  and 
the  length  of  cooking  time  are  deter- 
mined by  the  specific  job  for  which  the 
resin  will  be  used.  For  example,  the 
following  types  of  polyester  resin  are 
manufactured  :  water-resistant  resin,  fire- 
resistant  resin,  flexible  resin,  rigid  resin, 
high-viscosity  resin,  low-viscosity  resin, 
quick-setting  resin,  and  slowsetting  resin. 
Several  types  of  resins  may  be  blended 
together  in  various  proportions  to  fit 
a  certain  job.  Sometimes  high-viscosity 
polyester  resins  and  quick-setting  polyes- 
ter resins  are  combined  for  use  on  verti- 
cal surfaces  where  running  character- 
istics are  undesirable.  For  parts  made 
of  reinforced  plastics  that  are  subject 
to  stresses  or  flexing,  a  flexible  type 
polyester  resin  should  be  used  to  elim- 
inate cracking.  In  other  cases  where 
flexing  is  not  wanted,  a  rigid  polyester 
resin  is  used.  The  only  way  to  determine 
which  resin  to  use  is  by  experimentation 
as  each  piece  or  article  to  be  constructed 
has  its  own   requirements. 


Since  these  manufactured  products  are 
formed  from  polyester  resins  in  either 
the  liquid  form  or  powdered  form,  the\ 
are  solidified  in  some  way  to  form  a 
rigid  structure.  Powdered  resins  are  first 
dissolved  in  styrene  to  return  them  to 
liquid  form  for  application.  When  resins 
are  in  the  liquid  form,  they  are  solidi- 
fied by  the  addition  of  chemicals.  The 
chemicals  added  are  called  catalysts  and 
promoters.  They  are  mixed  in  the  resins 
separately  just  before  using,  because 
once  the  chemicals  have  been  added  the 
resin  soon  passes  into  the  "gel"  stage 
wheie  it  can  no  longer  be  brushed  on. 
The  catahst  and  promoter  are  never 
mixed  together  because  they  form  an  ex- 
plosive mixture.  The  most  common  cat- 
alyst is  methyl  ethyl  ketone  peroxide 
(D.D.M.),  and  the  most  common  pro- 
moter is  a  6*^,'  solution  of  cobalt  naph- 
thenate.  These  chemicals  react  together 
to  form  the  heat  that  changes  the  resin 
from  the  liquid  state  to  the  solid  state. 
The  two  chemicals  are  added  in  very 
small  amounts — \'(  by  weight  of  cata- 
lyst   and    J/'i    by   weight   of   promoter. 


Female  fiberglas  mold  reinforced 
with  wood  to  produce  Fibersport 
Cor  bodies. 

Since  such  small  amounts  of  chemicals 
are  added,  careful  measurement  of  them 
is  necessary  to  produce  the  desired  gel 
time  ( the  time  necessary  for  the  mix- 
ture to  change  from  a  liquid  to  a  semi- 
solid.) Besides  the  heat  formed  by  reac- 
tion of  catalyst  and  promoter,  heat  from 
infrared  heating  lamps  or  other  forms 
of  heat  help  speed  the  curing  of  the 
resin.  Another  type  of  catalyst  is  used 
to  cure  the   resin   b\    reaction   of   it   and 


sunlight.  This  type  is  called  photo-sensi' 
tive  catalyst.  With  this  type  of  catalyst, 
the  part  must  be  set  outside  to  cure. 
1  his  has  the  advantage  of  allowing  the 
entire  fabrication  of  a  very  large  piece, 
such  as  a  car  body  or  boat  hull,  before 
any  curing  takes  place,  but  it  also  has 
the  disadvantage  of  requiring  a  suimy 
day  to  be  effective. 

To  give  the  reinforced  plastic  the  fin- 
ished color  one  of  five  methods  is  used. 
The  first  method  is  to  add  pigment  to 
the  resin.  These  pigments,  varying  from 
black  to  white,  are  organic,  inorganic, 
or  metal  oxides.  Another  method  is  to 
plac"  a  colored  sheet  under  the  trans- 
parent surface  of  resin.  Using  this  meth- 
od, patterns  can  be  introduced.  The 
third  method  is  to  gel  an  over-laying 
colored  film  on  the  mold  before  fabrica- 
tion begins.  This  colored  film  is  on  the 
outside  of  the  manufactured  product 
when  it  is  removed  from  the  mold.  The 
fourth  method  of  producing  color  is 
using  colored  reinforced  fibers  and  a 
clear  resin.  The  fifth  method  is  apply- 
ing a  coat  of  paint  to  the  finished  pro- 
duct. Several  of  these  methods  can  be 
combined  to  improve  the  color  in  the 
final  piece.  For  example,  a  combination 
of  pigment  and  painting  gives  the  effect 
of  depth,  and  it  is  the  most  popular 
method  used  today,  especially  on  car 
bodies. 

Together  with  the  coloring  agents, 
fillers  are  added  to  impro\e  the  lamin- 
ated part  .These  fillers  are  fineh'  ground 
clay,  calcium  carbonate,  and  aluminum 
silicate.  The  addition  of  fillers  to  the 
resin  gives  certain  advantages  over  res- 
ins without  fillers  by  improving  the 
surface  finish,  reducing  the  cost,  and 
improving  other  physical  properties.  The 
fillers  impro\e  the  surface  finish  by  re- 
ducing the  shrinkage  of  the  resin.  This 
shrinkage  leaves  a  pattern  of  the  rein- 
forcing agent  used.  Fillers  also  increase 
the  viscosity  of  the  resin  which  keeps  it 
from  running  off  the  \  ertical  sides  of 
a  mold  and  collecting  in  the  low  areas. 
Fillers  also  have  disadvantages,  such  as 
increasing  the  weight  and  reducing  the 
strength  a  small  amount,  but  neither  of 
these  disadvantages  are  critical  to  the 
prod\ict. 

Many    materials    are     used     to     gi\e 
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Bladder   mold   with    laminate  compressed    by  vinyl    rubber   blanket  and    air 
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strength  to  rciiitoiccd  laminates,  sueh  as 
cotton,  paper,  asbestos,  nylon,  rayon,  and 
glass  fabrics.  The  type  of  reinforcinf; 
agent  used  depends  upon  the  desired 
properties  of  the  end  product.  Cotton  is 
used  where  economical  production  is 
necessary;  kraft  and  mirscherlich  paper 
are  u.sed  to  impart  high  strength  at  low 
cost.  .Nylon  is  used  to  improve  the  non- 
conducting electrical  properties,  and  as- 
bestos is  used  in  fire-resistant  products. 
The  most  common  reinforcing  agent  is 
some  form  of  gla.ss,  either  a  woven  cloth 
or  a  mat  because  it  gives  the  best  all- 
around  properties  of  strength  and  resili- 
ence. Laminated  pieces  are  made  with 
one  or  more  layers  of  mat  placed  be- 
tween layers  of  cloth  bonded  together 
with  resin.  The  method  of  lamination  is 
called  a  "sandwich  type"  construction. 
Another  method  of  lamination  consists 
of  using  several  layers  of  cloth  as  the 
reinforcing  agent  without  any  mat  he 
tween  the  layers.  This  method  gi\es 
pieces  of  less  thickness  and  higher 
strength  than  those  made  with  sandwich- 
type  construction. 

Woven  cloth  is  manufactured  from 
minute  filaments  of  glass  (.0002  to 
.0004  of  an  inch  in  diameter)  which  are 
spun  into  threads  and  then  woven  into 
cloth.  The  cloth  is  woven  with  differ- 
ent weaves  for  use  in  parts  which  re- 
quire specific  properties.  Each  of  the 
five  different  weaves  (taffeta,  satin, 
louisine,  leno,  and  twill)  are  classified 
according  to  the  number  of  threads  in 
the  warp  (fibers  running  lengthwise) 
and  fill  (fibers  running  crosswise).  The 
number  of  threads  in  the  warp  and  fill 
vary  from  16  threads  per  inch  in  each 
to  100  threads  per  inch  in  the  warp 
and  80  threads  per  inch  in  the  fill.  The 
difference  between  the  number  of  threads 
in  the  fill  and  warp  determines  the  di- 
rectional strength.  The  ease  of  forming 
tlie  cloth  in  a  mold  is  also  a  factor  de- 
pendent upon  this  warp  and  fill.  A  low 


ruimbcr  of  threads  in  either  allows  the 
cloth  to  stretch  and  take  the  shape  of 
the  mold.  This  also  helps  to  eliminate 
stresses  in  the  part. 

Mat  is  manufactured  from  th?  san.e 
minute  glass  filaments  from  which  cloth 
is  made.  The\'  are  first  spun  into  threails 
and  then  chopped  into  small  pieces  from 
1  to  2  inches  in  length.  These  shoit 
lengths  of  threads  are  pressed  into  a 
thin  mat  which  is  held  together  b\  a 
resin  binder. 

The  Owens  -  Corning  Corpoiation 
uses  two  processes  to  manufacture  the 
glass  filaments:  the  continuous  filament 
process  and  the  staple  fiber  process.  P'irst. 


Sanding    the    car    body    before    the 
paint   job. 

the  glass  is  prepared  according  to  spe- 
cific formulas  with  a  high  degree  of  con- 
trol and  inspection ;  then  it  is  formed 
into  marbles  which  are  j^  of  an  inch  in 
diameter.  These  marbles  are  inspected 
for  impurities  before  they  are  used  to 
form  the  glass  filaments.  From  each  of 
these  glass  marbles,  ninety-three  miles 
of  filaments  are  produced. 

In  a  continuous  filament  process,  the 
glass  marbles  are  first  melted  in  an  elec- 
tric furnace.  Then  the  molten  glass 
flows    through     small     orifices,     passes 


PREFORMING 
SCREEN 


Preforming  machine— showing  cutting  and  feeding  of  glass  roving  into  an 
air  stream  which  deposits  it  onto  the  preforming  screen  that  has  the  con- 
tours of  the  part  to  be  molded. 


thiough  a  collector,  and  is  gatheied  on 
a  drum  winder.  Hecause  the  winder  is 
turning  faster  than  the  flow  of  glass 
from  the  orifices  and  the  glass  is  not 
completel\-  hardened,  the  glass  is  drawn 
to  a  much  finer  si/.e  than  that  of  the 
orifices.  After  being  collected  on  the 
drum,  it  is  processed  into  cloth  or  mat 
by  textile  machinery. 

The  other  process  is  known  as  the 
staple  fiber  process.  In  this  process,  an 
air  blast  from  small  jets  draws  out  the 
molten  glass  from  the  furnace  through 
the  orifices  in  filaments  from  8  to  1 S 
inches  in  length.  The  fibers  pass  through 
a  spray  lubricant  and  a  drying  flame 
and  are  blown  downward  by  the  air 
blast.  These  filaments  are  collected  on 
a  drum  and  combed  into  a  sliver.  These 
slivers  are  made  into  yarn  by  textile 
iii.ichinery. 

In  production  of  Fiberglas  parts,  vari- 
ous methods  of  fabrication  are  used  de- 
pending upon  the  number  of  parts  to 
h-  made,  the  rate  of  production,  the 
size  of  the  parts,  and  the  shape  of  the 
parts.  If  the  part  is  fairly  small  and 
has  many  compound  curves  which  set 
up  stresses  in  the  part,  a  high-pressure 
method  is  used.  This  method,  which  pro- 
duces parts  which  ha\e  smooth  finishes 
on  both  sides  and  which  have  uniform 
thickness,  consists  of  compressing  the 
laminate  between  two  matched  metal 
molds.  These  molds  must  be  easily  con- 
structed, easily  machined,  wear-resist-  | 
ant,  and  must  have  hard,  dense,  pol- 
ished surfaces.  The  molds  are  made  from 
aluminum,  kirksite,  mechanite,  electro' 
formed  copper,  electro-formed  nickel, 
and  tool  steel. 

Preforming  is  the  process  of  shaping 
the  reinforced  material  (mat)  into  the 
shape  of  the  mold  before  it  is  put  in  the 
mold  and  impregnated  with  resin.  This 
preforming  process  is  usually  used  in 
the  high-pressure  process  but  it  could 
be  used  in  other  processes.  It  speeds  the 
loading  of  the  molds,  eliminates  hand 
tailoring  of  the  mat,  eliminates  stressed 
areas  in  the  mat  if  the  part  has  com- 
plicated curves,  and  also  eliminates  over- 
laps and  wrinkles.  In  this  preforming 
process,  pieces  of  chopped  threads  or 
roving  are  sucked  by  a  suction  fan 
through  a  spray  of  binding  agent  and 
on  to  a  screen-wire  frame  shaped  to  fit 
the  desired  part.  The  desired  thickness 
of  the  fibers  of  glass  is  controlled  by  the 
size  of  the  holes  in  the  screen-wire.  In 
stressed  areas,  such  as  in  corners,  a 
thicker  layer  of  fibers  is  needed  ;  there- 
fore the  holes  are  made  larger,  allowing 
for  more  fibers  to  collect.  Since  the  fibers 
gather  on  the  wire  frame  in  a  loose 
fashion,  they  are  held  together  by  the 
binder  agent  that  was  sprayed  on  them 
as  they  were  sucked  on  to  the  wire 
frame.  This  binder  is  not  applied  in  suf- 
ficient amounts  to  saturate  the  resin  but 
only  enough   to  hold   the  fibers  in   place 
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High-pressure  mold  with  rubber 
pad  between  on  half  of  the  mold 
and  the  laminate. 

and  the  preform  in  shape.  This  small 
amount  of  resin  does  not  affect  the  sat- 
uration of  more  resin  when  it  is  put  in 
the  mold  and  covered  with  resin. 

The  process  of  lay-up  in  the  high- 
pressure  process 'Consists  of  placing  the 
reinforcing  material,  either  precut  cloth 
and  mat  or  preformed  mat,  in  the  mold 
and  saturating  the  material  by  brush- 
ing, spraying,  or  injecting  with  phenolic 
or  nielamines  resin.  The  other  mold  is 
placed  in  position  and  the  whole  as- 
sembly is  placed  in  a  hydraulic  press 
where  pressures  of  150  to  1000  pounds 
a  square  inch  are  applied.  If  quicker 
gel  time  is  necessary,  heat  is  applied  to 
the  molds  after  they  are  in  the  presses. 
Cure  time  can  be  varied  from  3  min- 
utes to  30  minutes  depending  upon  the 
temperature  used. 

A  variation  of  this  process  is  to  use 
two  metal  molds  similar  to  the  ones 
used  in  the  high-pressure  process  but 
with  a  vinyl  rubber  pad  between  one 
mold  and  the  material  of  the  laminate. 
This  eliminates  the  need  of  accurate  ma- 
chining and  polishing  of  the  metal  molds. 
In  this  process,  the  laminate  is  not  as 
imiform  in  thickness  as  in  the  high- 
pressure  process  nor  is  the  surface  next 
to  the  rubber  pad  as  smooth  as  the  side 
ne.xt  to  the  mold.  Because  the  rubber 
pad  is  used  in  this  process,  lower  pres- 
sures are  used  than  in  the  highpressure 
process;  therefore  a  polyester  resin  usu- 
ally is  used  instead  of  the  high-piTssurc 
resins. 

A  simpler  method  is  used  if  the  pait 
is  of  simple  design  or  too  large  to  be 
easily  handled  in  the  two  previous  meth- 
ods. This  method  consists  of  using  only 
one  rigid  mold  instead  of  two  and  one 
flexible  mold  made  of  vinyl  rubber.  The 
reinforcement  is  placed  in  the  rigid 
mold  which  is  made  of  the  same  mater- 
ial as  the  high-pressure  molds.  The  re- 
inforcement is  saturated  with  a  poly- 
ester resin,  and  the  flexible  mold  is 
placed  o\er  it,  compressing  out  all  air 
and  excess  resin.  Either  the  male  or  fe- 
male mold  is  made  the  rigid  mold  de- 
pending upon  which  surface  of  the  part 


is  to  be  smooth.  The  surface  next  to  the 
flexible  mold  is  not  as  smooth  as  the 
one  next  to  the  rigid  mold.  This  pro- 
cess is  not  as  rapid  as  the  high-pressure 
method. 

'I  he  method  requiiing  only  one  mold 
is  the  vacuum  method.  Since  ver>'  low 
pressure  is  used  in  this  process,  the  male 
mold  or  female  mold  can  be  made  of  a 
material  which  is  not  as  strong  as  the 
high-pre.ssure  molds;  therefore  plaster  or 
wood  molds  are  usually  used.  The  mat 
or    cloth    or    combination    of    mat    and 
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High-pressure  of  low  pressure  mold 
with  laminate  compressed  between 
a  rigid  mold  and  a  flexible  mold. 

cloth  (sandwich  construction)  is  placed 
over  the  mold  and  saturated  with  a 
polyester  resin.  Then  a  vinyl  rubber 
blanket  is  put  over  the  laminate  and 
sealed  around  the  edges;  the  air  is  evacu- 
ated through  an  outlet  compressing  the 
blanket  on  the  laminate  which  squeezes 
out    the    trapped    air    and    excess    resin. 


This  process  can  be  used  when  only  one 
side  of  the  piece  has  to  be  smooth. 

Sometimes  shape  of  the  part  will  re- 
quire more  pressure  than  is  applied  by 
the  vacuum  method  and  less  pressure 
than  is  applied  by  the  high-pressure 
method.  If  this  is  the  case,  a  bladder 
method  is  used,  incorporating  a  bladder 
and  air  pressure  (15  to  20  pounds  per 
square  inch.)  The  method  of  fabrica- 
tion is  similar  to  that  in  the  \acuum 
process,  but  instead  of  using  a  \acuum. 
the  bladder  is  filled  with  air.  This  pro- 
cess requires  a  mold  which  is  stronger 
than  that  used  in  the  vacuum  process; 
therefore  the  molds  are  sometimes  made 
from  metal  or  made  from  Fiberglas  re- 
inforced with  metal. 

The  most  common  method  of  fabrica" 
tion  is  the  "hand  layup"  process.  This 
method  is  used  because  of  the  small 
amount  of  equipment  and  experience 
necessary.  This  makes  inore  economical 
construction  and  easier  handling  for  the 
home  craftsman.  Because  of  the  sim- 
plicity in  using  Fiberglas,  it  is  used  by 
the  home  craftsman  for  building  boats, 
cars,  and  many  other  things.  "It  has 
been  estimated  that  a  plastic  car  body 
could  be  built  with  a  pocket  knife  and 
;md  a  paint  brush."  Although  it  is  sim- 
pler than  the  other  methods  of  fabrica- 
tion, it  is  a  time  consuming  process 
which  is  a  disadvantage  in  mass  produc- 
tion manufacturing. 

The  best  example  of  the  hand  lay-up 
process  is  the  biu'lding  of  car  bodies. 
Fiberglas  allows  the  ordinary  backyard 
mechanic  to  construct  the  car  of  his 
dreams  which  he  could  not  construct 
from  metal   without  a  large   amount  of 
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cxpi'iK'ncc  ]ii  working;  with  inoiiy  iiu'tals. 
Attfr  the  chassis  has  bi-t-ii  (li-cideil  upon. 
the  preliminary  drauin};  and  a  quarter 
scale  model  of  tlie  car  are  made.  Tin's 
will  give  the  builder  an  idea  of  what 
the  car  vv'ill  look  like,  and  any  changes 
that  are  desired  are  made  before  going 
on  to  the  next  step. 

The  next  step  is  the  construction  of 
the  full  size  male  mold  which  is  scale<l 
from  the  ijuarter  scale  model.  This  mold 
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High-pressure  mold  with  Fiberglas 
laminate  compressed  between  the 
two  halves  of  the  mold  by  a  hy- 
draulic press. 

is  usually  built  on  the  chassis  and  con- 
sists of  a  wooden  framework  covered 
with  screen-wire  and  plaster.  If  the 
chassis  is  not  available  for  use  during 
the  construction  of  the  male  mold,  care- 
ful measurements  must  be  made  so  that 
everything  will  have  the  proper  position 
and  clearance.  After  the  plaster  has  dried 
sufficiently,  it  is  ground  and  sanded 
down  until  the  true  contours  are  ob- 
tained. The  model  is  then  painted  with 
a  dark,  lacquer-base  paint  to  seal  the 
plaster  and  to  show  any  defects  in  the 
surface.  Since  any  defects  that  are  vis- 
ible will  be  transferred  to  the  final  body, 
they  should  be  removed  before  starting 
the  body. 

The  number  of  cars  to  be  built  and 
their  required  perfection  determines  what 
type  of  molding  is  necessary.  For  build- 
ing the  body  of  only  one  car,  the  body 
can  be  made  over  the  male  mold  al- 
ready constructed,  but  this  requires  a 
large  amount  of  finishing  on  the  outside 
of  the  body  since  the  smooth  side  will 
be  on  the  inside  next  to  the  mold.  If 
only  two  or  three  cars  are  to  be  built, 
a  female  mold  built  from  plaster  and  re- 
inforceil  with  burlap  and  metal  is  con- 
structed and  fastened  together  to  form 
the  whole  molil.  These  sections  of  the 
female  mold  are  molded  from  the  male 
mold  that  has  already  been  constructed. 
The  female  mold  is  made  in  sections  to 
facilitate  handling  as  a  one-piece  plaster 
mold  is  very  heavy  and  hard  to  handle. 
A  Fiberglas  mold  can  be  constructed  it 
many  bodies  are  to  be  produced.  This  is 
the  most  common  procedme  because  the 
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pl.istcr  molds,  which  .-ire  easil\  chipped 
or  cracked,  do  [uit  stand  up  well  and  re- 
(|uire  replacement  after  one  or  two  uses. 

Alter  the  female  mold  is  finished,  the 
lay-up  process  is  started.  F"irst,  the  mold 
is  covered  with  a  parting  agent,  such  as 
cellulose  acetate,  so  the  bod>'  will  separ 
ate  from  the  mold  after  it  is  cured. 
Cellulose  acetate  is  applied  in  liquid 
form  and  co\ers  the  mold  with  a  cello- 
phane-like film  when  it  dries.  It  is  best 
to  spray  on  the  parting  agent  to  assure 
a  smooth  surface.  After  the  parting 
agent  has  dried,  the  mold  is  covered  with 
several  coats  of  wax  and  is  polished. 
This  is  just  further  assurance  of  easy 
parting. 

Now  the  first  coat  of  catahzed  poK- 
ester  resin  is  applied,  usualK  with  .-i 
brush,  anil  allowed  to  harden.  Allowing 
this  first  coat  to  harden  is  important  if 
the  f-emale  mold  is  used.  If  the  first 
coat  is  not  allowed  to  harden,  the  cloth 
will  be  squeezed  out  to  the  surface  of 
the  mold  during  the  lay-up  process, 
causing  a  weave  pattern  of  the  cloth  to 
be  visible  in  the  finished  product.  This 
first  coat  is  allowed  to  harden  for  sev- 
eral horns  at  least,  but  it  is  even  better 
to  allow  it  to  harden  over  night.  The 
next  step  is  to  brush  on  a  light  coat  of 
resin  and  allow  it  to  pass  into  the  gel 
stage  (until  it  is  tacky  to  the  touch) 
before  appl\ing  the  first  layer  of  cloth. 
By  applying  the  cloth  when  the  resin 
is  tacky,  the  cloth  sticks  to  the  mold 
but  does  not  become  saturated  with 
resin.  This  keeps  the  hands  from  becom- 
ing sticky  with  resin  and  eases  the  lay-up 
procedure.  Since  the  cloth  does  not  be- 
come saturated,  the  next  step  is  to  cover 
the  cloth  with  resin  to  saturate  it  com- 
pletely. This  process  is  continued  until 
the  body  is  the  desired  thickness.  The 
thicker   the   bod\'  is   made,    the   stronger 


and  liea\ier  it  becomes.  The  hunination 
usu;dly  consists  of  either  four  or  five 
la\ers  of  cloth,  or  a  layer  of  cloth,  a 
layer  of  mat,  and  another  layer  of  cloth 
(sandwich  type  construction.)  The  first 
method  gives  a  slightly  stronger  body 
than  the  sandwich  type  method,  but  it 
costs  more. 

After  the  la\-up  process  is  completed, 
the  body  should  remain  in  the  mold  for 
several  days  at  least ;  a  week  is  even  bet- 
ter to  allow  the  curing  process  to  take 
plac:-.  I  his  is  necessary  to  eliminate 
warpage  that  occurs  if  the  body  is  re- 
moved from  the  mold  too  soon.  The 
warpage  is  caused  by  the  final  curing 
process  of  the  resin.  Even  though  the 
Cluing  process  looks  as  if  it  is  complete 
in  a  da\,  the  final  curing  takes  about  a 
week.  During  the  period  of  waiting  until 
the  bod\'  is  ready  to  remove  from  the 
mold,  any  reinforced  braces  and  mount- 
ings are  attached  with  a  layer  or  two 
of  cloth  and  resin. 

After  the  body  is  removed  from  the 
mold,  the  flashing  (the  excess  cloth  and 
mat)  around  the  edges,  is  removed  with 
a  saw.  An  electric  hand  saw  accom- 
plishes this  job  very  well.  Now  the 
body  is  mounted  on  the  chassis  before 
painting  so  that  it  will  not  be  scratched 
during  the  mounting  operation.  If  onh' 
a  male  mold  method  is  used,  a  lot  of 
grinding,  sanding,  and  filling  is  neces- 
sary to  eliminate  the  joints  caused  by 
the  overlapping  of  the  pieces  of  cloth 
used  in  the  body,  but  if  the  female  mold 
method  is  used,  only  light  sanding  is 
necessary  before  the  paint  is  applied. 
After  the  doors,  trunk,  and  hood  are 
fastened  on,  the  body  is  about  com- 
pleted. 

The  manufacture  of  the  Chevrolet 
sport  car,  the  Corvette,  whose  body  is 
constructed   of   Fiberglas,  illustrates   the 
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Applying   the   first   coat   of   resin    to   the    mold    with    paint   brushes. 
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various  molding  methods.  The  body  is 
composed  of  forty-one  Fiberglas  parts, 
of  which  seventeen  are  major  parts. 
These  fortyone  parts  require  si.\ty-one 
molds  and  three  molding  methods.  The 
larger  parts,  such  as  the  major  part  of 
the  bod\'  and  the  floor  boards,  are  manu- 
factured by  the  hand  lay-up  process;  the 
small,  simple  parts  are  constructed  by 
the  vacuum  method,  and  the  complicated 
parts  that  have  compound  curves,  such 
as  the  dash  ,are  constructed  by  the  high- 
pressure  metiiod.  The  original  molds  fur 
the  car  were  made  from  mahogany,  and 
,il though  some  of  the  mahogany  molds 
are  still  used,  the  majority  are  con- 
structed from  Fiberglas.  The  finished 
body  weighs  four  hundred  pounds  wiiich 
is  about  2  3  the  weight  of  a  similar  steel 
bod\'. 

Although  Fiberglas  is  still  a  new 
material,  it  is  becoming  more  and  more 
important  to  the  industries  in  America 
and  to  the  nu'litary  forces  of  the  United 
States.  It  is  now  being  used  e.xtensive- 
1\'  in  the  aircraft  industries  to  replace 
man\'  aluminum  parts.  The  army  uses 
it  in  the  bod\"  armor  being  worn  by  om' 
troops,  and  the  navy  uses  it  for  small 
boats. 

It  is  also  used  in  the  electrical  in- 
dustry because  it  has  ver\'  good  non- 
conducting  properties.    Fiberglas  is   not 


VACUUM  LINE 


■LAMINATE 
RIGID  MOLD 


■CLAMPING  RINGS 
='-*'VINYL  BLANKET 
■SEALING  RING 
■FELT  BLEEDER  STRIP 


Vacuum  mold  with  laminate  compressed  by  vinyl  rubber  blanket  and  vacuum 


a  serious  threat  for  replacing  metals  be- 
cause of  the  time-consuming  and  com- 
plicated lay-up  procedures,  but  it  will  be 
used  more  and  more  as  new  and  faster 
methods  of  manufacturing  are  discov- 
ered. 
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WHY    A   STANDARD    BRICK    BECAME    COMPULSORY 
IN    17TH  CENTURY   BOSTON 

A  term  m  the  stocks  with  a  pile  of  out-size  bricks  to  contemplate — 
that  could  have  been  the  penalty  of  early  builders  back  in  1689  when 
Boston  was  destroyed  by  fire.  It  was  a  civic  crime  for  brickmakers  to 
make  bricks  other  than  9  in.  x  4  in.  x  4  in.  size.  City  fathers  recognized 
standardization  as  essential  to  the  most  economic  and  speedy  rebuilding  of 
the   city. 

Even  275  years  ago  the  bricks  were  only  one  inch  off  the  idea  of  the 
Modular  Method  which  is  now  being  rapidly  advanced  in  the  building 
industry.  The  activities  of  Project  A62,  organized  by  the  American 
Standards  Association  in   1939,   are  spearheading  this   advance. 

The  Modular  Method  is  the  standardization  of  all  building  materials 
on  a  uniform  basis  of  dimensioning.  The  architect  figures  everything  that 
goes  into  a  building  on  the  basis  of  a  standard  module — multiples  of  four 
inches — in   all   directions. 

Thus  lumber,  bricks,  tile,  concrete  blocks,  wallboard,  flue  linings, 
;ind  framing  fit  in  place  without  alteration  and  leave  space  for  doors, 
windows,  cabinets,  and  other  pieces  to  slide  into  place. 

The  four-inch  module  was  chosen  because  (1)  it  is  large  enough  for 
manufacturers  to  reduce  the  number  of  stock  sizes  and  still  satisfy  con- 
sumer demand;  (2)  it  is  small  enough  for  ample  freedom  in  architectural 
design  and  for  flexibility  in  equipment  layout;  (3)  it  coincides  with  the 
dimensions  of  a  great  many  building  materials  already  standardized  and 
is  applicable  to  present  construction  practices;  (4)  it  is  a  unit  measure- 
ment with  which  architects,  builders,  and  carpenters  already  are  familiar; 
(5)  it  approximates  10  centimeters  (3.9  inches),  the  basis  proposed  by 
metric  system  countries   working  on   the  same   problem. 

I'he  module  means  the  elimination  of  many  odd  sizes  and  thus  per- 
mits smaller  inventory  for  the  manufacturer.  It  means  smaller  inventories 
and  speedier  service  for  dealers.  It  permits  architects  to  spend  less  time 
in  drafting  and  more  time  on  improved  design.  FZasier  estimating,  more 
efficient  methods  on  the  job,  less  construction  time  are  possible  for  the 
contractor.  \\'hen  the  modular  method  is  used,  everything  fits.  There  is 
no  needless,  wasteful   hand-cutting  at  the  building  site  . 
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Eiioniver 


by  Don  F.  Kesler 
E.E.  '56 


Wi'  at  till'  I\clni<t^ial>h  lia\f  to  wait 
about  five  or  six  days  to  get  our  picture 
cuts  from  the  engraver.  To  a  newspaper, 
printing  the  news  that  late  would  be 
suicide.  How  do  they  get  their  pictures 
in  the  paper  a  few  hours  after  an  inci- 
dent happens? 

Most  newspaper  and  niaga/.nie  pic- 
tures are  halftones.  A  halftone  viewed 
luider  a  microscope  will  look  like  a  series 
of  dots  lined  up  in  a  row.  Some  of  the 
dots  will  be  larger  than  others.  In  par- 
ticular where  the  picture  is  light,  the 
dots  are  small,  but  where  the  picture  is 
dark,  the  dots  are  large.  The  large  dots 
transfer  a  large  area  of  ink  to  the  pic- 
ture, while  the  small  ones  transfer  less, 
thus  part  of  the  picture  is  darker  than 
the  other.  In  the  regular  zinc  halftones 


the  reflection  ot  a  pliof(jgr.iphii'  chenu- 
cal  on  the  zinc  .uid  ininicrsing  in  .-in 
acid  makes  the  low  and  hi^h  sjiots  on 
the  plate. 

The  l'',-iirchild  Scan-a-gr:i\  er  is  a  de- 
vice designed  to  electronically  pioduce 
h;ilftone  engravings  on  ,i  plastic  mater- 
ial. This  is  done  without  photography 
or  acids.  It  o|ierates  on  the  principle  of 
shining  a  light  on  the  picture  and  the 
reflection  being  projected  in  a  plioto- 
electric  cell.  The  current  tmm  the  cell 
is  amplified  to  a  sufficient  power  to  vi- 
brate a  hot  "needle." 

The  photograph  is  t.'iped  to  the  out- 
side of  a  small  cylinder  and  it  is  lotated 
at  the  rate  of  M  13  RPM.  The  scan- 
nei'  is  geared  to  cover  the  whole  photo- 
graph at  a  slow  rate.  Each  revolution  is 
one  eighty-fifth  of  an  inch  tartliei  to- 
ward the  end  of  the  picture  than  the 
previous  one.  The  rows  of  dots  are 
spaced  eighty-five  to  the  inch. 

The  scanner  is  a  device  containing  a 
light  focused  at  a  small  point  on  the 
picture,  and  a  lense  picking  up  the  small 
square  of  the  light.  The  light  is  directed 
into  a  photo  electric  cell.  The  dots  are 
formed  because  the  light  is  caused  to 
flicker  at  the  rate  of  305  times  a  second 
by  a  modulating  generator.  Out  of  the 
photoelectric  cell  comes  an  electric  cur' 
rent  corresponding  to  light  or  dark  space 
the  light  was  shined  upon.  This  signal  is 
amplified  and  sent  to  the  receiver,  at 
the  other  end  of  this  scan-a-graver. 

The  receiver  consists  of  an  identical 
cylinder,  rotating  at  ii  1/3  RPM,  and 
an  instrument  similar  to  the  scanner.  A 
sheet  of  non-inflammable  plastic  is 
placed   on    the   cylinder   to   be  engraved. 


The  stylus  is  a  steel  shaft  approximate 
ly  }^  inch  long  and  of  3  32  inch  dia- 
meter, possessing  a  75  degree  pyramid 
point.  Around  this  is  a  coil  of  heater 
wire  to  heat  the  stilus.  The  hot  stilus 
will  burn  a  hole  in  the  plastic  if  it 
touches  it.  A  vibrater  is  set  up  so  that 
the  magnitude  of  the  vibrations  is  con- 
trolled by  the  current  from  the  photo 
ce'l.  If  a  spot  on  the  photograph  is 
white,  the  photo  cell  is  activated  by  the 
reflected  light  and  it  is  .sent  to  the  re- 
ceiver and  the  signal  causes  a  maximum 
V  ibration  and  the  stilus  burns  a  hole  in 
the  plastic.  After  you  start  the  cylinders 
rotating,  the  engraving  will  be  com- 
pleted in  about  six  minutes,  dependuig 
ujion  the  size  of  the  picture. 

The  scan-a-graver  was  especially  de- 
signed to  be  used  for  all  types  of  pic- 
tures regardless  of  whether  they  are  the 
right  contrast  or  not.  The  amplifier  con- 
trols the  contrast  of  the  picture.  There 
are  separate  controls  to  set  the  light  in 
the  picture  as  well  as  the  dark.  The 
scan-a-graver  is  set  at  the  lightest  spot 
in  the  picture  to  give  the  maximum  am- 
plitude of  vibrations  of  the  stilus.  This 
burns  out  most  of  the  surface  of  the 
plastic  engraving  material  leaving  ver\ 
little  surface  for  the  ink  to  print  the 
paper.  The  darkest  spot  is  .set  to  give 
very  little  vibration  of  the  stilus.  The 
intermediate  shades  in  the  picture  are 
stretched  out  between  white  and  black 
regardless  of  whether  the  original  was 
very  contrasty  or  contained  little  con- 
trast. 

These  engravings  are  equally  adapt- 
able for  either  flat  bed  or  rotary  presses. 
The  paper  may  be  madeup  and  the  pic- 
ture put  in  just  before  press  time.  In  ro- 
tary presses,  a  block  .895  inches  high  is 
put  in  the  place  of  the  cut  and  the  mat 
is  rolled.  The  mat  is  then  put  in  the 
casting  box  and  cast  in  lead.  After  the 
stereotvpe  is  shaved,  the  adhesive  is  strip- 
ped back  and  fastened  in  place.  In  flat 
bed  printing  the  adhesive  backed  scan- 
a-graving  is  attached  directly  to  a  .<S9S 
inch  ba.se  in  the  form.  This  base  plus 
.0113  inch  for  the  double  coated  tape  and 
.020  inch  for  the  scan-a-plate  raises  the 
engraving  to  the  .018  inch  height  of  the 
sui  rounding  t\pe. 

You  have  had  the  paper  several  days 
hv  the  time  we  get  the  cuts  of  the  same 
pictures  for  the  Tcchnograph  you  saw  in 
the  paper.  Thanks  to  the  Fairchild  en- 
graver we  get  the  news  just  after  it 
happens. 


Daughter  had  been  invited  to  her  first 
formal  dance.  She  pleaded  for  a  strap- 
less gown,  but  mother  woiddn't  hear  of 
it. 

After  arguing  bitterlv,  they  put  the 
problem  up  to  father. 

"Let  her  try  it  on,"  advised  Dad.  "If 
it  doesn't  fall  down  she's  old  enough  to 


Frank  Slepicka  is  setting  the  stylus  on  a  Fairchild  Engraver 
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A  Lot  of  Nothing  .  .  . 

HIGH  VACUUMS 


by  Harvey  Endler,  E.  Phy.  '56 


At  the  beginning  of  the  twentietli 
century  the  science  of  vacuum  produc- 
tion was  still  in  its  infancy.  This  ex- 
tremely slow  growth  of  a  process  which 
had  had  its  discovery  many  centuries 
earlier  was  due  mainly  to  the  fact  that 
up  until  that  time  vacuums  had  no  in- 
dustrial applications — they  were  merely 
phenomena  to  be  toyed  with  and  specu- 
lated upon  by  physicists  in  their  labora- 
tories. For  the  purposes  of  these  men, 
piston-operated  pumps,  such  as  had  first 
been  used  by  Otto  \on  (^uericke  in  1654 
in  his  famous  Magdeburg  hemisphere 
experiment  ( two  teams  of  horses  were 
unable  to  pull  apart  two  evacuated  hem- 
ispheres held  together  by  atmospheric 
pressure)   were  sufficient. 

Now,  however,  vacuums  are  no  longer 
laboratory  novelties.  They  are  main- 
stays to  such  diversified  industrial  pro- 
cesses as  the  distillation  of  penicillin  and 
the  production  of  cathode-ray  tubes,  and 
their  scope  of  usage  is  constantly  in- 
creasing. The  importance  of  vacuums 
in  innumerable  industrial  and  research 
applications  cannot  be  overemphasized. 
It  is  to  be  understood  that  the  term 
\acuum  is  only  relative;  the  most  high- 
ly evacuated  chambers  which  man  can 
produce  contain  hundreds  of  millions  of 
molecules  per  cubic  centimeter.  The 
term  high  vacuum  is  arbitrarily  applied 
to  vacuums  in  which  the  pressure  is  one 
micron  (one  micron  is  equivalent  to  a 
pressure  of  10'''  mm  of  mercury)  or 
lower.  The  best  vacuums  which  can  be 
produced  today  range  down  to  pressiu'es 
Mt    10^   mm   of   mercury. 

These  low  pressures  are  achieved 
mainly  through  three  devices — the  rotar\- 
mechanical  pump,  the  diffusion  pump, 
and  the  molecular  pump,  the  first  satis- 
tactory  models  of  which  can  be  attrib- 
uted to  a  (ierman  professor,  W.  Gaede. 
I  n  any  actual  high  vacuum  system  these 
pumps  are  not  used  individually  but  are 
usually  arranged  with  several  pinnps 
(not  necessarily  the  same  types)  in  ser- 
ies, so  that  the  outlet  of  each  pump  is 
>  nnnected  to  the  intake  of  the  succeed- 
ing: one,  which  is  called  a  "fore-pump" 
(u-  "b.acking  pvniip"  with  the  final  pump 


delivering  into  the  atmosphere.  Thus  if 
the  exhaust  of  a  pump  is  delivered  into  a 
region  of  low  pressure  rather  than  di- 
rectly into  the  atmosphere,  there  is  evi- 
dently less  of  a  tendency  for  molecules 
to  leak  back  into  the  system,  and  greater 
efficiency  is   achieved. 

The  rotary  pump  has  three  basic  ele- 
ments— an  eccentric  cylinder  revolving 
in  a  housing,  an  oscillating  vane  that 
divides  the  Inlet  from  the  outlet,  and  a 
spring  which  keeps  the  vane  tightly 
pressed  against  teh  cylinder.  Each  cycle, 
the  quantity  of  gas  in  region  B  (see 
figure)  is  pushed  out  of  the  pump,  while 
a  new  volume  A  is  formed  entrapping 
more  gas  for  compression  during  the 
following  cycle.  Mechanical  pumps  of 
this  type  are  run  in  a  bath  of  oil  to  seal 
and  lubricate  the  sliding  surfaces.  Oil 
fills  the  space  between  the  cylinder  and 
housing  and  insures  very  little  residual 
gas  left  in  chamber  B  after  compression 
has  taken   place. 

These  mechanical  pumps  can  produce 
only  a  certain  degree  of  evacuation  be- 
fore they  lose  their  effectiveness,  and 
are  used  mainly  as  fore-pumps  in  a  sys- 
tem containing  a  molecular  or  a  diffus- 
ion pump.  This  blank-off  ( final  degree 
of  evacuation  obtainable)  can  be  attrib- 
uted mainly  to  production  imprecision 
and  operational  wear  permitting  some 
back  leakage  into  the  evacuated  cham- 
ber, effect  on  the  vacuum  of  the  vapor 
pressure  of  the  oil  and  contaminants 
therein,  and  the  solubility  of  the  gas 
being  pumped  in  the  oil.  Properties  of 
oils  are  being  carefully  investigated  to 
find  which  best  serve  the  purpose  of 
vacuum  piunps.  In  general,  the  oil 
should: 

1.  Ha\e  low  \apor  pressure 

2.  Not   deteriorate   easily 

3.  Not  react  with  the  gas  being 
pumped 

4.  Not  be  excessively  viscuous  at 
the  temperature  range  of  the 
pump 

5.  Have  a  minimum  teiulencs'  to 
emidsify  with  an\'  liquid  present 


Mechanical  pumps  cannot  be  used  for 
pumping  condensible  vapors  such  as 
water  vapor,  oil  vapor,  etc.  If  a  vapor 
cuch  as  water  at  20  degrees  C  (vapor 
pressure  of  20,000  microns)  should  en- 
ter the  inlet  chamber,  it  would  volatilize 
producing  a  pressure  of  20,000  microns 
and  thus  pre\ent  any  additional  gas  from 
flowing  into  that  chamber.  During  the 
next  part  of  the  cycle  the  water  vapor 
would  be  forced  into  the  outlet  chamber 
where  the  pressure  would  cause  it  to 
condense,  resulting  in  a  great  decrease  of 
volume  with  little  or  no  flow  through 
the  outlet  valve.  Thus  a  reversible  cycle 
is  set  up  and  little  net  pumping  is  ac- 
complished. For  this  reason,  drying 
agents  such  as  phosphorus  pentoxide  or 
anhydrous  calcium  chloride,  are  placed 
at  siu'table  points  in  a  vacuum  system  to 
absorb  any  water  vapor  before  it  has  a 
chance  to  enter  the  mechanical  pump. 
Diffusion  and  molecular  pumps  are  able 
to  cope  with  condensible  vapors  since 
neither  utilizes  any  type  of  a  compression 
operation. 

The  diffusion  pump  was  invented  by 
Gaede  in  1915.  It  is  an  efficient  pump, 
capable  of  producing  extremely  high 
vacuums  while  maintaining  large  capaci- 
t\'.  (Capacity,  or  speed  of  a  pump,  is  the 
\olume  displaced  per  unit  time.)  Never- 
theless, it  is  fairly  simple  in  principle, 
consisting   essentially   of   a    boiler,   a    rc- 


The  rotary  pump  has  only  three 
moving  parts— an  eccentric  cylin- 
der, an  oscillating  vane,  and  a 
spring. 

frigerating  unit,  and  a  system  of  tubing. 
Oil,  mercury,  or  some  other  suitable 
substance  is  vaporized  in  the  boiler  and 
the  vapor  is  conducted  through  the  tub- 
ing until  it  emerges  at  a  high  velocity 
in  a  downward  direction.  Molecules  of 
the  gas  being  evacuated  drift  into  the 
high  velocity  vapor  stream  and  are  de- 
flected downward  along  with  the  vapor 
into  the  refrigerated  region  where  the 
\apor  condenses  and  is  recirculated  back 
to  the  boiler.  The  gas  molecules  are 
easily  removed  from  the  refrigerated 
region  by  means  of  a  fore-pump. 

Diff\ision  pumps  are  usually  built  so 
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Torrington  Needle  Bearings 
save  weight  and  space  in  mo^ny  designs 


Because  of  its  unique  construc- 
tion—a full  complement  of  small 
diameter  rollers  retained  in  a 
one-piece  thin  drawn  outer  shell 
—  the  Torrington  Needle  Bearing 
has  a  small  cross  section.  This 
makes  it  extremely  useful  in 
bearing  applications  where  space 
and  weight  are  at  a  premium. 

For  a  given  load  capacity,  the 
Needle  Bearing  is  the  smallest 
and  most  compact  anti-friction 
bearing  available,  giving  the 
designer  many  opportunities  to 
reduce  the  size  and  weight  of  sur- 
rounding members  without  low- 
ering performance. 

Smaller,  lighter 
products 

In  an  application  like  the  small 
gasoline  engine  illustrated, 
Needle  Bearings  help  keep  over- 
all size  and  weight  to  a  minimum. 
Housings  can  be  made  smaller 
and   lighter   without   sacrificing 


Showing  use  of  Needle  Bearings  in 
smalt  gasoline  engines.  Compact- 
ness of  Needle  Bearing  lends  itselt 
admirably  to  space  limitations. 


shaft  stiffness  and  strength. 
What's  more,  the  Needle  Bear- 
ing's low  coefficient  of  starting 
and  running  friction  plus  its 
ability  to  retain  lubricants  re- 
sults in  increased  power  output. 

Simpler  designs 

Since  a  press  fit  in  a  simple 


straight  housing  bore  is  all  that 
is  required  to  locate  a  Needle 
Bearing,  the  use  of  complex  re- 
taining shoulders  or  rings  is  un- 
necessary. And,  since  the  Needle 
Bearing  usually  runs  directly  on 
a  hardened  shaft— without  an  in- 
ner race  —  additional  savings  in 
space  and  weight  are  gained. 


THE   TORRINGTON   COMPANY 

Torrington,  Conn.      •       South  Bend  21,  Ind. 
District  Offices  and  Distributors  in  Principol  Cities  of  United  States  and  Canada 


TORRINGTOII  /VfiO/f  BEARINGS 
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that  se\ei:il  \apor  jets  operatt-  at  the 
same  time,  each  jet  serving  the  purpose 
of  a  fore-pump  for  the  one  below  it. 
This  increases  the  probability  of  a  gas 
molecule's  being  entrapped  in  the  vapor 
stream.  It  has  been  calculated  by  means 
of  the  kinetic  theory  that  the  probabilit\' 
of  a  molecule's  not  being  conducted 
along  by  the  vapor  stream  is  about  1  in 
10-",  thus  accounting  for  the  high  ef- 
ficiency of  diffusion  pumps.  As  with  the 
rotary  pump,  there  is  an  ultimate  va- 
cuum which  can  be  prod  viced  with  a 
diffusion  pump.  This  is  determined 
mainly  by  the  amount  of  air  which  the 
oil  picks  up  while  recirculating  through 
the  system  and  which  escapes  from  tlie 
oil  into  the  vacuum  chamber. 

To  prevent  molecules  of  the  mercury 
or  oil  vapor  from  entering  the  vessel 
being  evacuated,  diffusion  pumps  are 
provided  with  freezing  traps  at  suitable 
places  in  the  pump.  These  are  usually 
\ellels  of  liquid  carbon  dioxide  mixed 
with  either  (temperature  — 78  degrees 
C)  or  liquid  air  { temperatiue  — 187 
degrees  C )  upon  which  the  vapor  con- 
denses. Although  necessary,  these  freez- 
ing traps  are  a  hinderance  because  they 
form  an  obstruction  to  the  flow  off  gases 
which  is  very  noticeable  at  low  pressures. 

Low  pressures  bring  about  many 
changes  in  the  behavior  of  a  gas.  One  of 
these  is  the  lengthening  of  the  mean 
free  path  of  the  gas  molecules.  The  mean 
free  path  of  a  gas  at  any  temperature 
or  pressure  is  the  average  distance  which 
a  molecule  of  gas  travels  before  colliding 
with  another  molecule.  For  example, 
oxygen  at  standard  conditions  of  pres- 
sure and  temperature  (  1  atmosphere, 
0  degrees  C)  has  a  mean  free  path  of 
10  •''  cm,  whereas  at  a  pressure  of  .000076 
mm  of  mercury,  its  mean  free  path  is 
a  meter.  The  molecular  vacuum  pump 
(invented  by  Gaede  in  1912)  is  depend- 
ent  upon   this  characteristic   of   gases. 

One  type  of  molecidar  pump  consists 
chiefly  of  a  rapidly  rotating  cylinder  in 
a  liermetically  sealed  casing,  with  two 
inlet  ports,  one  connected  to  the  vessel 
being  evacutated  and  the  other  to  a  fore- 
pump.  After  the  pressure  has  been  suf- 
ficiently lowered  by  the  fore-pump  for 
the  molecular  pump  to  take  effect,  the 
cylinder  is  .set  into  extremely  rapid  an- 
gular rotation.  Due  to  the  low  pressure, 
gas  molecules  which  enter  the  pump 
have  a  much  longer  mean  free  path  than 
the  distance  between  the  rotating  c\lin- 
der  and  the  casing  of  the  pump,  causing 
man\'  more  collisions  between  the  mole- 
cules and  the  walls  of  the  pump  than 
between  like  molecules.  Lender  these 
conditions  the  molecules  tend  to  take  up 
the  direction  of  motion  of  the  surface 
they  strike — the  rotating  cylinder — and 
are  carried  along  by  its  dragging  action 
into  the  fore-vacuum  chamber  where 
the\'    arc    removed.    The    kinetic    theory 


gives  the  difference  in  pressure  between 
the  two  ports  as  being 

6Lwn 

P,   —   P.,  =  

d= 
where  P,  is  the  fore-vacuum  pressure, 
V.J  is  the  high  vacuum  pressure,  L  is 
the  length  of  the  slot  between  high  and 
low-vacuum  connections,  /;  is  the  viscosi- 
ty of  the  gas,  ic  is  the  angular  velocity 
of  the  cylinder,  and  il  is  the  depth  of  the 
opening  between  the  rotor  and  the  pump 
u-ali.  As  the  pressure  in  the  fore-vacuum 
becomes  ver\'  low,  the  difference  in  pres- 
sure between  the  two  ports  becomes  in- 


eliminates  errors  due  to  capillarity.  Ap- 
plication of   Ho\le's  Law  gi\es  the  pres- 


sure  of    the   gas    m 


mm   ot    mercurv 
a  b-' 


The    McLeod    gauge    is    an    applica- 
tion of  Boyle's  law. 

dependent  of  the  fore-vacuum  pressure, 
and  becomes  proportional  only  to  the 
speed  of  rotation  of  the  cylinder. 

Accurate,  fast,  and  dependable  mea- 
surement of  high  vacuums  is  obviously 
of  extreme  importance.  Varied  ami  com- 
plex scientific  principles  underlie  the 
use  of  many  vacuum  gauges,  but  the 
McLeod  gauge  involves  merely  an  ap 
plication  of  Hoyle's  Law.  The  McLeod 
gauge,  named  after  its  inventor,  consists 
of  an  adjustable  mercury  reservoir  R. 
a  chamber  H,  and  two  equal-bore  capil- 
lary tubes,  C  and  D.  The  volume  of  the 
chamber  and  the  cross-sectional  area  of 
the  capillaries  must  be  accurately  known. 
The  gauge  is  connected  to  the  vessel 
being  evacuated  by  means  of  tube  ./. 
Hy  raising  the  mercury  past  point  M, 
a  known  volume  of  gas  is  entrapped  in 
B  and  (J.  The  mercury  level  is  then 
raised  again  until  it  reaches  a  height  in 
tube  D  equal  to  the  height  of  the  capil- 
lary (J.  A  reading  is  then  taken  of  the 
difference  in  heights  of  the  mercury 
levels  in  the  two  capillary  tubes,  rather 
than  between  capillary  tube  (J  and  tube 
J  ;   this   comparison   of   equal-bore   tubes 


where  /'  is  the  original  volume  of  the 
sample,  n  is  the  cross  sectional  area  of 
the  capillaries,  and  /;  is  the  difference  in 
height  of   the  two  mercury  levels. 

The  McLeod  gauge  is  the  most  wide- 
ly used  vacuum  gauge  because  it  gives 
accurate  (down  to  10''  mm  mercury) 
absolute  pressure  in  simple  direct  read- 
ings. In  fact,  most  of  the  other  gauges 
are  calibrated  from  McLeod  gauges. 
Its  disadvantages  are  that  it  cannot  be 
used  on  easily  liquifiable  vapors  and  that 
due  to  the  lengths  of  fine  tubing  in- 
volved, a  full  minute  is  sometimes  re- 
quired for  the  vacuum  system  and  gauge 
pressures  to  equalize  so  that  a  reading 
can  be  taken. 

The  Pi  rani  gauge  operates  on  the 
more  complex  principle  that  for  low 
pressures  the  thermal  conducti\ity  of  a 
gas  is  direct!)'  proportional  to  the  pres- 
sure. The  Pirani  gauge  combines  this 
effect  with  the  fact  that  the  electrical 
resistance  of  a  conductor  increases  with 
a  rise  in  temperature.  The  gauge  con- 
sists of  an  electrically  heated  filament 
which  serves  as  a  variable  resistance  in 
a  Wheatstone  bridge  arrangement.  As 
the  pressure  in  the  chamber  is  lowered, 
the  rate  of  heat  transfer  from  the  fila- 
ment is  decreased,  and  the  change  in 
resistance  of  the  filament  can  be  meas- 
ured as  the  voltage  is  kept  constant.  An 
alternate  method  of  operation  is  to  keep 
the  temperature  of  the  filament  constant, 
thus  keeping  its  resistance  constant,  and 
measure  the  change  in  voltage  as  the 
pressure  is  altered.  Absolute  pressures 
of  condensible  vapors  can  be  recorded 
on  the  Pirani  gauge.  The  main  draw- 
back to  its  use  is  that  the  rate  of  heat 
transfer  varies  for  each  gas,  and  for 
accurate  results  the  gauge  must  be  cali- 
brated for  each  individual  gas. 

The  third  main  group  of  manometers 
consists  of  the  ionization  gauges.  They 
consist  basically  of  an  electrically  heat" 
ed  filament  which  emits  a  stream  of  elec- 
trons. The  stream  of  electrons,  in  passing 
to  a  collecting  electrode,  ionizes  the 
residual  gas  molecides  which  are  then 
collected  on  a  third  electrode.  For  low 
pressures,  the  ionization  current  varies 
with  pressure  in  the  gauge  and  depends 
also  upon  the  electron  structure  of  the 
gas  molecules  being  tested.  The  lowest 
pressures  yet  produced  have  been  meas- 
ured  on   ioiuzation   gauges. 

Another  vital  phase  of  high  vacuum 
production  is  the  removal  of  residual 
gases  which  cling  to  the  surfaces  and  are 
absorbed  in  the  bulk  of  all  materials, 
and  which  are  constantly  escaping  from 
the  material  at  a  rate  which  is  propor- 
tional   to    the    temperature.    Before    any 
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vacuum  systfiii  is  put  iiiti)  oin-ratiou.  all 
parts  are  strongly  hcatcil  to  lirivi-  out 
these  occluded  gases.  Metal  parts  arc 
soiiR'timcs  baked  in  an  atmosphere  of 
h\(lrogen  which  displaces  the  gases  in 
the  metal  and  which  is  very  easily  given 
off  during  later  heating.  Heating  is 
often  carried  on  during  the  whole  perioil 
of  exhaustion,  and  in  late  periods  of 
evacuation  high  frequency  currents  are 
used  to  free  the  last  of  the  residual  gases. 
In  a  vacuum  tube  or  other  such  device 
which  is  evacuated  and  then  sealed  off 
from  the  pump,  it  is  extremely  important 
that  a  high  percentage  of  residual  gases 
be  removed  iluring  the  e\  acuatioii  peri- 
od. Ciases  emitted  by  the  glass  walls  and 
internal  parts  of  the  vacmim  tube  are 
considerably  detrimental  to  the  long  life 
of  the  tube.  A  method  for  the  removal 
of  residual  gases  is  the  use  of  "getters." 
(^■tters  are  substances  which  are  vola- 
tilized inside  the  cathode  ray  tube,  radio 
tube,  light  bulb,  etc.,  after  the  lowest 
pressure  obtainable  by  the  pump  is  ar- 
rived at,  and  just  before  the  tube  is 
sealed  off.  The  getters  combine  chemi- 
cally with  residual  gases  and  from  com- 
poimds  which  are  harmlessly  deposited 
on  walls  of  the  vessel.  Some  materials 
(especially  barium)  continue  to  act  as 
getters  long  after  the  tube  has  been  sealed 
off.    The    alkali    and    alkali    earth   ele- 


ments are  best  suited  for  this  purpose. 
Due  to  its  transparency,  non-porous- 
ness, heat-resistant  qualities,  strength, 
and  ease  with  which  it  may  be  formed 
into  various  shapes,  gla.ss  is  the  most 
popular  material' for  use  in  vacuum  sys- 
tems. However,  when  large  surfaces  are 
iiuohed,  glass  is  sometimes  not  strong 
enough  to  withstand  the  atmospheric 
pressure  and  metal  contructions  must  be 
used.  The  metal  chosen  must  be  non- 
porous,  easily  worked,  relatively  inert, 
and  must  be  capable  of  strong  union 
with  the  material  adjacent  to  it  in  the 
system.  Porosity  of  material  is  no  longer 
so  vital  a  consideration  as  in  former 
times  because  waxes,  shellacs,  gums,  oils, 
and  cements  have  been  especially  manu- 
factured for  use  in  vacuum  work,  and 
a  coating  of  one  of  these  may  be  used 
to  pro\  ide  an  excellent  seal. 


"If  a  drunk  is  Souse  of  the  I^order  in 
Mexico,  what  is  he  in  Prance?" 
"Plaster  of  Paris." 

*        -*        » 

A  sign  in  front  of  a  shoe  repair  shop 
pictured  several  styles  of  rubber  heels 
and  a  beautiful  girl  who  was  saying, 
"I'm  in  love  with  America's  No.  1 
heel."  Underneath  in  small  feminine 
handwriting  someone  had  added,  "Too 
bad  sister,   I  married  him." 


Rumor  has  it  that  one  of  our  illustri 
ous  K.  E.  professors  is  writing  a  new 
text  on  DC  machinery.  It  deals  pri- 
marily with  hot  circuits  and  is  entitled 
Forever  .1  in fu  >  i  . 


The  >oung  grad  should  not  tr\'  to  im- 
press his  fellow  workers  with  the  extent 
of  his  knowledge.  The  truth  w'lW  leak 
out  soon  enough. 


"Do  you  believe  in  clubs  for  women?" 
"Yes,  if  kindness  fails." 


A  canny  Scot  was  engaged  in  an  argu- 
ment with  the  conductor  as  to  whether 
the  fare  was  to  be  five  or  ten  cents. 
Finally  the  disgusted  conductor  picked 
up  the  Scot's  suitcase  and  tossed  it  off 
the  train  just  as  they  were  crossing  a 
long  bridge.  It  landed  with  a  mighty 
splash. 

"Hoot  nion,"  screamed  the  Scot. 
"First  you  try  to  rob  me  and  now  you'\e 
drowned  mv  little  bov!" 


Friend:  "What  is  your  son  going  to 
be  when  he  passes  his  final  exam  ?" 
Father:  "An  old  man." 


POWER  COSTS  ARE  WAY  DOWN 


instead  of  way  up  here 


because  ever  since  loul)  "when 


Thomas  A.  Edison  W^  installed  this  B  &W  hoiler 
in  America's  first  central  station  on 
in  Newark,  B&Whas 


[PEARLJT, 

committed  men,  machines  and  money 
to  a  fruitful,  continuing  search  for 
better  ways  to  make  steam  and  get 
more  energy  from  common  fuels. 
Today's  power  boiler  stands  this  high. 
It  stands  for  power  progress  and 
the  (^)  pledge  to  keep  research  and 
engineering  first — to  produce  even 
more  steam  power  at  lower  cost. 
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•  Cort  Kegley  received  his  Masters  Degree  in 
Physics  from  Connecticut  Wesleyan  in  195  1. 

When  the  above  picture  was  taken  he  had 
been  on  the  job  less  than  a  month,  and  was  one 
of  a  group  of  young  graduates  then  in  training 
at  Allison. 

Much  of  the  experimental  and  test  equipment 
at  Allison  is  entirely  different  from  any  other. 
And,  Cort — like  other  new  engineers  on  the  job 
— must  first  learn  about  these  various  facilities 
which  he  will  be  using  in  instrumentation  and 
testing. 

He  is  pictured  here  getting  acquainted,  so  to 
speak,  with  some  of  the  equipment  used  in 
vibration  and  shock  qualification  testing.  One 
of  the  many  electronic  accessory  units  used  with 
the  Allison  jet  engines  is  here  undergoing  a 
"shake  test"  on  the  large  MB  vibration  exciter 
shown  in  the  foreground. 


A  turbo-propeller  governor  is  bolted  to  the 
shake  table  of  the  exciter,  which  is  controlled 
from  the  panel  at  the  left,  to  determine  if  simu- 
lated engine  vibration  will  cause  the  unit  to 
malfunction.  The  large  MB  exciter  has  the  ca- 
pacity to  exert  a  vibratory  force  of  2  500  pounds, 
with  a  frequency  range  up  to  500  CPS.  A  smaller 
MB  exciter,  shown  on  the  bench  in  the  back- 
ground, is  rated  at  50  pounds  peak  force  avail- 
able to  2000  CPS. 

•  •  • 

Our  long  range  program  calls  for  additional 
engineering  personnel.  Why  not  plan  early  for 
your  engineering  career  at  Allison  where  un- 
limited opportunities  are  offered  to  young  grad- 
uates, especially  to  those  with  degrees  in  Me- 
chanical Engineering,  Electrical  Engineering, 
Aeronautical  Engineering  and  Industrial  Engi- 
neering. 


For  further  information  about  YOUR  engineering  career  at  ALLISON,  discuss  it  with  your  Placement 
Counselor  and  arrange  for  an  early  interview  with  the  ALLISON  representative  the  next  time  he  visits  your 
campus.  Or,  write  now  for  further  information:  R.  G.  Greenwood,  Engineering  College  Contact,  Allison 
Division,  General  Motors  Corporation,  Indianapolis  6,  Indiona. 

'C^    DIVISION  GENERAL  MOTORS  CORPORATION  •  Indianapolis,  ind. 

Design,  development  and  production  — high  power  TURBINE  ENGINES  for  modern  aircraft  .  .  . 
heavy  duty  TRANSMISSIONS  for  Ordnance  and  Commercial  vehicles  .  .  .  DIESEL  LOCOMOTIVE 
PARTS    .    .    .    PRECISION    BEARINGS    for  aircraft,   Diesel   locomotives  and   special  application. 
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West  Point 
of  the  Air 


by  Jack  M.  Kerr 
Cer.  E.  '56 


With  the  prc'scnt  day  cmpliasis  on  air- 
pduci'  in  ottfiisf  and  defense,  the  Air 
I'drce  has  assumed  a  prominent  position. 
It  is  being  expanded  enormonsly  ami 
needs  officers  badly. 

At  the  present,  the  Air  Force  gets 
most  of  its  officers  from  the  Aviation 
Cadet  programs  and  the  Air  Reserve 
Officers  Training  Corps.  They  also  re- 
ceive one-fourth  of  the  graduating  class 
at  West  Point  and  Annapolis,  but  even 
this  number  is  no  where  near  sufficient. 

The  Air  Force  needs  and  desires  an 
Air  Academy.  This  would  be  operated 
in  the  same  general  way  as  West  Point 


and  Annapoh's  and  would,  indeed,  he  a 
West  Point  of  the  Air  Force.  The  men 
would  be  selected  for  the  academy  by 
the  same  method  now  used  for  appoint- 
ment   to    West     Point    and    Annapolis. 

This  ret]iiires  an  appointment  b\  a  sen- 
atoi'  or  congressman  aiul  ;i  \er\'  stiff 
entrance  exam. 

So  far  the  academy  is  only  on  paper. 

The  permanent  location  has  not  been  de- 
cided upon.  In  fact,  the  decision  upon 
the  site  has  become  more  and  more  a 
political  battle  between  states  and  cities 
\xithin  these  particid.ir  states.  In  all, 
the  Air  Force  h.is  four  hundred  proposed 
sites  to  consider.  One  of  the  important 
ones  is  right  here  in  the  Champaign-L^- 
bana  area  in  Illinois.  Another  under  con- 
sideration here  in  Illinois  is  near  Elsah, 
Illinois.  This  is  near  the  Mississippi 
Ruer. 

L  ntil  the  permanent  academy  is  start- 
ed, the  Air  Force  plans  to  start  a  small 
one  with  a  small  beginning  class  of  250 
to  300.  However,  it  is  hoped  that  by 
1959  the  first  groLip  of  Air  Force  offi- 
cers will  be  graduated  from  the  perma 
nent  academy. 

Despite  its  needs,  the  Air  Force  may 
face  difficulties  in  obtaining  money  for 
its  new  academy.  The  legislation  au- 
thorizing the  academy  swept  through 
the  House  of  Representatives  by  a  ma- 
jority of   329   to   36   and   went  through 


the  .Senate  hy  a  large  majority.  In  spite 
of  this,  the  chairman,  John  Taber,  of 
the  House  Appropriations  Committee 
and  Chairman  Fvarett  Sorivner  of  the 
Air  Force  Appropriation  Subcommittee 
are  both  opposed  to  the  new  academy. 

Scrivner  claims  the  academy  will  cost 
a  total  ot  350  to  400  million  dollars 
instead  of  the  125  to  175  million  the 
Air  Force  estimated.  In  addition,  he  ob- 
jects, it  will  cost  about  the  same  amount 
to  operate  as  the  16.5  million  dollars  ;i 
year  to  operate  Aiuiapolis. 

Also  opposed  to  the  Air  Force  Aca- 
demy is  Rep.  Peter  Mack,  aviator  en- 
thusiast, who  made  a  lone,  globe-girdl- 
ing flight  in  a  Beech  Bonanza  in  112 
days  a  few  years  ago.  Mack  claims  that 
what  is  needed  is  consolidation  of  West 
Point  and  Annapolis  into  one  military 
academy  for  all  the  services. 

Though  there  is  some  opposition  to 
the  proposed  academy,  it  is  assumed  that 
the  Air  Force  is  assured  of  one  and 
the  present  problem  is  picking  a  site. 
There  is  a  commission  of  five  persons 
making  inspection  trips  all  over  the 
country  now  ami  it  is  expected  that 
when  their  report  is  turned  in  the  new 
Air  Academy  will  be  started. 


Then  there  was  the  C.  E.  who  went 
mad  looking  for  a  place  to  put  a  coiner 
stone  in  a  roundhouse. 


MATERIALS-HANDLING  EQUIPMENT 

THAT  SPEEDS  WORK,  SPARES  MEN,  SLASHES  COSTS 

No  other  Mobile  Crone  of  this  type  has  all  the  feotures  of 
KRANE  KAR.  More  goes  into  KRANE  KAR  ...  you  get  more 
out  of  KRANE  KAR  .  .  .  more  speed,  more  work,  more  safety. 
Loads  and  Unloads  freight  cars,  trucks,  trailers  .  .  .  Stacks  and 
Stores  .  .  .  expedites  Plant  Maintenance. 

KRANE  KAR  handles  steel  stock  and  forms  of  any  shope  or 
size  within  capacity  (or  scrap  when  equipped  with  magnet); 
transmission  cases,  motors,  crankcases,  transformers,  etc.  Works 
in  tight  quarters,  low  headroom,  up  and  down  ramps  .  .  .  any- 
where, in  plant  or  yard.  Often  cuts  handling  costs  to  8'^  a  ton.* 

Safest  Crane  in  its  class,  minimizing  injury  risks  to  men, 
materials,  machine.  Self-Stabilizing:  dangerous  use  of  ]acks 
or  stabilizers  eliminated.  Automatic  Power  Cut-Off  at  ex- 
treme positions  of  Boom-Swing  or  Topping.  Automatic 
Braking  of  Load  and  Boom  Lines.  No  Tail-Swing:  no  part 
of  Crane  passes  over  operator's  head. 


Dieset    9   to   37    ft.    booms    or 

diustoble     telescopic     booms;     Electric 

ognet,    clomshell    bucket,    ond    othc, 

cessories     ovoiloble.     Ask     for     illus- 

?d   bulletin    #79. 

USERS:  General  Motors,  Bethlehem 
eel;  Todd  Shipyards;  Boeing;  Generol 
jctric;  duPont;  Pul/mon  Stondofd;  etc. 


Pioneers  of  Heavy  Duty  Materials-Handling  Equipment  and  Mfrs.  o 
Heavy  Duty  Fork  LIFTRUKs;  Cranes,  Capstans,  and  Winches  for  Moto 
TrucH     .     .     .     "SILENT    HOIST"   Car   Pullers   ond    Barge   Movers. 


Silent  Hoist  6l  Crane  Co. 


^_^^       New  Student  Union  Selects 
i^^RlC)^  Air  Conditioning  &  Refrigeration 

This  fine  building  of  the  Indiana  Univer- 
sity hviedical  Center,  at  Indianapolis,  com- 
prises apartments,  guest  rooms,  dining  halls, 
shops,   swimming   pools,   etc. 

Here  both  air  conditioning  and  food 
service  loads  are  handled  by  13  Friclt  re- 
frigerating machines,  and  a  Friclt  unit  air 
conditioner.  Installation  by  Hayes  Bros.,  Inc., 
Distributors  at  Indianapolis  and  South  Bend. 
For  that  Important  cooling  job  of  yours, 
specify  Frick  equipment:  there's  nothing  to 
compare  with  it.  Write  now  for  Bui.  100  on 
"ECLIPSE"   compressors. 


The  Frick  Gradua, 
tng,  oprrami  m 


32 


THE   TECHNOGRAPH 


SPEED 

LIGHT 


by  Jack  Siebert,  E.E.  '57 


Tlu'  human  eye  is  incapable  of  see" 
int;  many  things  which  frequently  occur 
in  daily  life.  A  golf  ball  leaves  the  club 
traveling  at  a  velocity  somewhere  in 
the  neighborhood  of  180  ft  sec.  Not 
(inly  is  the  human  eye  unable  to  see  it, 
but  the  ordinary  camera  is  unable  to 
photograph  it.  The  best  mechanical  shut- 
ter has  a  top  speed  of  about  11  ()()()  of 
a  second.  During  this  time  interval  the 
golf  ball  would  move  2  inches,  and  in 
a  picture  would  appear  as  a  white  blur 
2  inches  long.  For  a  reasonably  sharp 
picture  the  ball  should  not  move  more 
than  1/50  of  an  inch.  The  ball  moves, 
however,  1/50  of  an  inch  in  1/100,000 
of  a  second,  which  is  the  exposure  neces- 
sary  to   take   the   picture. 

Inertia  and  material  strength  pro- 
hobit  such  high  shutter  speeds  by  me- 
chanical means.  They  can  be  obtained, 
however,  by  exposing  the  photographic 
film  with  a  bright  light  source  which  is 
tinned  on  for  only  a  minute  fraction  of 
a  second.  Hy  utilizing  electronics,  speed- 
light,  sometimes  called  strobe-light  or 
electronic  flash,  provides  this  light 
source.  A  speedlight  is  sort  of  an  "elec- 
tronic flash  bulb,"  which  makes  possible 
extremely  short  exposures. 

In  18.?2,  Plateau  of  Ghent  and  Stam- 
pher  of  Vienna  discovered  independent- 
ly that  lines  drawn  as  radii  at  equal 
intervals  on  a  rotating  wheel  could  be 
made  to  appear  motionless  if  they  were 
viewed  through  slots  cut  in  the  same 
position  as  the  lines  on  a  similar  wheel 
turning  at  the  same  speed.  Furthermore, 
if  the  slotted  wheel  was  slowed  down 
the  lines  appeared  to  rotate  forward, 
and  if  it  was  speeded  up  they  seemed  to 
rotate  in  the  reverse  direction.  Plateau, 
who  went  blind  from  gazing  at  the  sun 
too  long,  called  this  wheel  a  "phena- 
kistoscope."  Stampher  called  it  a  "stro- 
boscope," which  is  Greek  for  "whirling 
watcher."  Stroboscope  is  the  named  used 
today.    It  was   not  long   before  someone 


used  the  stroboscope  to  interrupt  a  beam 
of  light,  thereby  producing  the  first 
stroboscopic    light. 

The  motion  picture  was  conceived 
from  the  stroboscopic  effect.  If  in  a  mo- 
tion picture  an  automobile  or  wagon 
wheel  appears  to  be  revolving  back- 
wards, it  is  due  to  the  fact  that  the 
camera  is  taking  more  frames  per  sec- 
ond than  the  wheel  is  making  revolu- 
tions. Both  the  stroboscope  and  the  mo- 
tion picture  are  possible  only  because  of 
retinal  lag,  the  ability  of  the  human  eye 
to  retain  an  image  for  1/16  of  a  second 
before  it  fades  away. 

Wm.  Henry  Fox  Talbot,  in  1S51, 
produced  an  electric  spark  which  was 
of  short  enough  duration  and  of  suf- 
ficient intensity  to  photograph  a  clip- 
ping of  the  London  Times  which  was 
fastened  to  a  revolving  fan.  Spark  pho" 
tography  of  this  type  was  a  positive  step 
towards  the  speedlight  of  today,  and  is 
still  used  for  certain  scientific  purposes. 

In  1931  Harold  E.  Edgerton,  of  the 
Massachusetts  Institute  of  Technology, 
built  an  electronic  stroboscopic  light  to 
examine  moving  machinery  parts.  Each 
pulse  of  light  was  very  bright  and  of 
short  duration,  and  it  was  found  that 
pictures  could  be  taken  with  them.  This 


was  the  first  electronic  speedlight,  and 
made  possible  the  birth  of  high  speed 
photography  as  it  is  known  today. 

The  basic  principle  behind  electronic 
flash  is  not  complicated.  Electrical  en- 
ergy is  gathered  in  small  quantities, 
stored  up  until  a  large  amount  is  on 
hand,  and  then  allowed  to  escape  all  at 
once.  When  it  escapes  it  produces  a 
spark  in  a  gas  filled  tube;  consequent- 
ly, a  flash  of  light  is  emitted.  The  three 
fundamentals  of  a  speedlight  unit  arc  as 
follows:  a  power  source,  a  means  to 
store  the  electrical  energy,  and  a  flash 
tube  to  discharge  it. 

The  task  of  the  power  source  is  to 
furnish  high  voltage  direct  current.  De- 
pending upon  whether  the  speedlight 
unit  is  to  be  portable  or  stationary,  the 
primary  power  source  will  be  either  bat- 
teries or  house  current.  Units  which 
utilize  house  current  alone  are  usually 
the  larger  types  of  equipment  and  re- 
quire 2000-2300  volts  DC.  This  voltage 
is  obtained  by  using  a  transformer  to 
convert  110  volts  AC  into  high  voltage 
AC  which  is  then  changed  to  DC  by  a 
rectifier.  Power  packs  using  batteries 
usually  are  called  upon  to  supply  from 
450-900  volts  DC,  and  may  be  of  sev- 
eral types.  Among  these  are  the  high 
voltage  dry  battery  pack  and  the  low 
voltage  vibrator  pack.  The  high  voltage 
battery  is  the  simpler  of  the  two,  for  it 
incorporates  only  a  battery  which  sup- 
plies a  sufficient  voltage  of  direct  cur- 
rent. The  low  voltage  vibrator  unit,  on 
the  other  hand,  uses  small  low  voltage 
cells  as  a  power  source.  The  direct  cur- 
rent these  cells  furnish  is  converted  into 
alternating  current  by  a  vibrator  which 
draws  its  power  from  the  cells.  This  AC 
is  then  fed  into  a  transformer  which  de- 
livers high  voltage  AC  which  is  recti- 
fied to  obtain  direct  current. 

Although  dry  cells  are  becoming  more 
common,  miniature  spill  proof  storage 
batteries  are  often  incorporated  in  speed- 
light  units.  These  batteries  may  be 
charged  up  to  200  times.  As  a  conveni- 
ence some  speedlights  have  a  battery 
charger  built  right  into  the  power  pack. 

The  electrical  energy  delivered  by  the 
power  source   is  stored  in   capacitors.   A 


FinnQ     S(^6fem    for   Irio^er   T^pc    Tubes 


Iqnifi> 


y^s- 1 


Circuit  diagram  for  trigger  type  tubes 
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capacitor  (coruicnsor)  is  a  licxicc  wliich 
receives  electricity  in  small  amounts,  re- 
tains it  until  a  large  amount  is  present, 
and  discharges  it  instantaneously.  This 
process  is  analogous  to  filling  a  drink- 
ing glass  with  a  trickling  stream  of 
water  and  then  dumping  it  all  at  once. 

Two  types  of  capacitors  are  used  in 
electrom'c  flash.  They  are  the  oil  capaci- 
tor and  the  electrolytic  capacitor.  Elec 
trolytic  capacitors  are  made  of  two  long 
sheets  of  aluminum  foil  with  chemically 
treated  gauze  hetween  them  rolled  into 
a  cylinder.  When  an  electric  current  is 
introduced  to  the  capacitor  a  film  forms 
on  the  aluminum  foil.  This  process  is 
called  forming  the  condensor.  The  film, 
which  is  necessary  for  the  operation  of 
the  capacitor,  has  a  tendency  to  deform  ; 
therefore,  the  capacitor  must  be  used 
occasionally  to  keep  it  in  good  working 
order.  Electrolytic  capacitors  are  used 
in  umts  which  operate  on  voltages  of 
4S()-')0()  volts  DC.  For  larger  units 
which  require  higher  voltage,  (20()U- 
2300  volts  DC),  oil  capacitors  are  used. 
These  capacitors  use  a  special  type  of 
paper  for  an  insulator  and  the  whole 
unit  is  submersed  in  a  can  of  oil  and 
sealed.  Oil  capacitors  are  considerably 
hea\ier  than  the  electrolytics.  All  capaci- 
tors have  a  tendency  to  lose  their  charge. 
This  loss,  called  leakage,  is  very  slight 
in   oil   capacitors,   but   reaches   a    rather 


Circuit  diagram  for  self-ionizing  tubes 


high  percentage  in  the  electrolytic  t.\pe. 
As  the  power  leaks  out  it  is  necessary 
for  the  battery  to  replace  it,  and  there- 
fore an  electrolytic  capacitor  which  is 
not  operating  at  peak  efficiency  tends  to 
drain  the  battery. 

If  similar  capacitors  are  wired  in 
parallel  the  total  capacitance  is  equal  to 
the  sum  of  the  capacities  and  the  oper- 
ating voltage  remains  constant.  If  two 
similar  capacitors  are  wired  in  series  the 
capacitance  is  the  same  as  one-half  that 
of  one  of  them  and  the  operating  volt- 
tage  is  doubled.  Speedlight  design  usual- 
h'  calls  for  either  two  or  tour  capacitors. 
Several  methods  of  connecting  them  into 
circuits  are  shown  in  Fig.  ^. 

The  capacitor  is   discharged    through 


•  There's  a  K&E  slide  rule  for  every  purpose.  Whether  designed 
to  meet  the  modest  needs  of  the  beginner  or  the  exacting  require- 
ments of  professionals,  all  K&E  rules  feature  "built  in"  accuracy 
and  reflect  the  skill  and  craftsmanship  of  America's  most  experi- 
enced slide  rule  manufacturer. 

KEUFFEL  &  ESSER  CO. 

NEW   YORK   •    HOBOKEN,   N.   J. 

Chicago  •  Sf.  Louis  •  Detroit  •  San  Francisco  •  los  Angeles  •  Montreal 


a  glass  tube  which  contains  an  inert  gas. 
When  this  occurs  the  gas  ionizes  and 
allows  a  spark  to  jump  across  two  elec- 
trodes in  the  tube.  This  spark  is  what 
produces  the  light.  Two  types  of  flash 
tubes  are  commonly  in  use.  These  are 
the  low  \oltage  trigger  type  and  the 
self-ionizing  type. 

In  a  speedlight  unit  designed  to  use 
the  low  voltage  trigger  tube  the  capaci- 
tors are  always  connected  to  the  flash 
tube.  When  the  capacitors  are  charged 
the  tube  does  not  fire,  however,  because 
it  has  enough  internal  resistance  to  pre- 
vent the  ionization  of  the  gas.  This  re- 
sistance is  present  because  the  gas  in 
the  tube,  usually  Xenon,  is  confined 
under  pressure.  To  fire  the  tube  an  ig- 
nition coil  is  used  to  place  an  extra  high 
voltage  charge  on  the  tube,  which  breaks 
down  the  internal  resistance.  This  igni- 
tion coil,  or  iginition  transformer,  draws 
its  power  from  the  capacitors'  discharge, 
which  is  from  450-900  volts  DC. 

The  self  ionizing  flash  tube  operates 
at  higher  voltages,  usually  2000-2300 
volts  DC.  The  capacitors  are  not  perma- 
nently wired  to  the  tube,  for  all  that  is 
needed  to  fire  the  tube  is  to  allow  them 
to  discharge  through  it.  This  is  due  to 
the  fact  that  the  gas  in  the  tube  is  not 
under  as  much  pressine  as  the  trigger 
type,  and  therefore  has  less  internal  re 
sistance. 

A  complete  low  voltage  speedlight 
unit  features  a  battery  power  pack,  (a 
house  current  power  source  may  be  in- 
corporated if  portability  is  not  of  im- 
portance), electrolytic  capacitors,  a  trig- 
ger type  of  flash  tube,  and  an  ignition 
transformer  which  is  connected  to  the 
flash  tube  through  the  camera's  shutter 
contacts.    (  See   Fig.    1 . ) 

A  unit  utilizing  a  self  ionizing  flash 
tube  employs  a  higher  voltage  power 
pack,  oil  capacitors,  and  a  relay  through 
which  the  shutter  contacts  can  connect 
the  capacitors  to  the  flash  tube.  (  F^ig.  2.) 

The  efficiency  of  a  speedlight  is  rated 
by  three  units:  watt-seconds,  lumen  sec- 
onds, and  guide  numbers.  A  watt-second 
is  a  measure  of  energy  the  unit  can  store, 
and  is  defined  b\-  the  equation :  watt- 
seconds=CE-'  over  2,  where  C  is  the 
capacitance  in  microfarads  and   L  is  the 
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voltage  ill  kilovolts.  A  hinien  second  is 
a  unit  ot  light  output.  A  100  watt-secoml 
speedlight  may  furnish  about  4,000  lu- 
men seconds,  about  the  same  as  an  SM 
flash  bulb.  The  guide  number  is  an  aid 
to  judging  exposure.  It  is  an  inilication 
of  the  effectiveness  of  the  entire  speed- 
light  and  is  dependent  to  a  great  ex- 
tent upon  the  efficiency  of  the  reflector 
used  on  the  flash  gun.  Some  reflectors 
may  increase  the  intensity  of  a  flash 
tube  by  as  much  as  600 9(. 

The  time  duration  of  the  flash  varies 
directly  as  the  capacitance  of  the  unit 
and  the  internal  resistance  of  the  flash 
tube.  It  is  given  by  the  equation : 
T=RC,  where  T  is  the  time  duration 
in  microseconds,  C  is  the  capacity  in 
microfarads,  and  R  is  the  resistance  in 
ohms. 

As  an  example  of  the  flexibility  of 
speedlight  construction,  consider  two 
speedlights  which  both  employ  four  elec- 
trolytic capacitors,  each  having  163  mic- 
rofarads capacity  and  operating  at  4S0 
\olts.  Both  speedlights  use  the  same 
flash  tube,  which  has  a  resistance  of  4 
ohms.  The  first  speedlight  has  the  ca- 
pacitors wired  in  parallel  and  therefore 
has  a  total  capacitance  of  660  microfarads 
at  430  volts.  Hy  substituting  in  the  watt- 
second  fornuda  it  can  be  shown  that  this 
unit  has  a  rating  of  66  watt-seconds.  The 
duration  of  the  flash  is  the  capacity 
times  the  resistance,  which  is  2640  micro- 
seconds, or  about  1/384  of  a  second. 
The  second  speedlight  has  the  capacitors 
wired  in  series-parallel,  which  makes  its 
total  capacity  163  microfarads  at  an  op 
crating  voltage  of  900  volts.  This  unit 
has  the  same  66  watt-second  rating  as 
the  first  one,  but  has  a  flash  duration  of 
165X"^  microseconds,  which  is  around 
1/1500  of  a  second.  Although  the  sec- 
ond unit  has  a  shorter  flash  duration 
than  the  first,  it  requires  a  higher  volt- 
age. As  the  operating  voltage  increases, 
the  weight  and  expense  of  the  power 
pack  also  rises,  and  since  extra  high 
speeds  are  not  required  for  general  pho- 
tographic use,  commercial  speedlights 
tend  to  keep  the  flash  duration  aro\ind 
1/300  to  1/10,000  of  a  second. 

The  power  consumption  of  a  speeil- 
light  is  given  by  the  formula:  Power 
consumption^watt-seconds 


condenser  charging  time 
The  power  discharge  is  obtained  by  using 
the  fornuda: 

Power    discharge=vvatt-seconds 


flash  duration 
Using  these  relationships  it  can  be  seen, 
for  example,  that  a  100  watt-second 
speedlight  having  a  flash  duration  of 
1  3,000  second,  and  whose  capacitors 
take  3  seconds  to  charge,  would  consume 
20  watts  of  power  and  deliver  300,000 
watts  (instantaneous  power)  for  each 
flash. 


A  variety  of  speedlight  units  are  a\  ail- 
able  commercially.  They  range  in  price 
from  as  little  as  :;?.?3.00  to  over  :i<;.iO(I.OO. 
Most  of  these  units  are  portable,  em- 
plo\'  low  \oltage  flash  tubes,  and  are 
rated  from  40-110  watt-seconds.  The 
number  of  flashes  which  can  be  made 
a  minute  is  dependent  upon  the  charg- 
ing time  of  the  capacitors,  which  varies 
from  2  to  20  seconds.  Commercial  speed- 
lights  have  neon  ready  lamps  which  glow 
when  the  capacitors  have  reached  their 
required  charge.  Flash  tubes  have  an 
average  life  of  over  10,000  flashes,  the 
cost  of  each  flash  being  between  y^c 
and   1.5c.  Some  speedlights  are  designed 


a  light  which  is  on  for  only  about 
1  2000  of  a  second  will  appear  only 
1  200  of  its  full  intensity.  Due  to  this 
fact  speedlight  has  been  accepted  by  the 
portrait  photographer.  The  subject  does 
not  have  to  squint  his  eyes  of  bright,  hot, 
and  distracting  floodlamps;  consequent- 
ly, a  more  natural  portrait  is  obtained. 
Speedlight  also  eliminates  the  need  for 
holding  still,  and  is  consequently  an  aid 
in   photographing  children. 

As  with  any  other  equipment  speed- 
light  has  its  disadvantages.  With  units 
using  line  voltage  a  variation  of  10% 
in  line  voltage  can  mean  a  209f  varia- 
tion    in     light    output.     Battery    power 


Methods     Used    to    Connect  Capacitors    /n  droJts 
Parallel  Series  Serie-S  ~  PQtalle.1 

L 


rflO D  h 


Jg.3 

Methods  of  attaining  different  voltages  and  quantities  of  charge  on  capacitors 


to  be  used  with  cameras  having  "X" 
(zero  dela\)  synchronization  contacts 
built  into  their  mechanical  shutter. 
Other  units  aie  adjustable  for  5-,')3  mil- 
lisecond dela\'. 

Speedlight  has  proven  worthwhile  in 
nuir.erous  fields  of  photography.  Its  first 
tise  was  in  scientific  research.  Scienti- 
fic speedlight  has  attained  speeds  as 
great  as  one  millionth  of  a  second.  An 
idea  of  how  short  a  time  dmMtion  this 
is  can  be  seen  by  letting  3,000  miles, 
the  distance  from  New  York  to  San 
Francisco,  equal  one  second.  One  mil- 
lionth of  a  second  is  then  about  15  ft. — 
the  distance  across  a  living  room.  Such 
high  speeds  are  used  to  photograph  such 
things  as  projectiles  in  flight  and  rapid 
ly  moving  machinery.  Giant  speedlights 
were  used  in  World  War  II  to  take 
aerial  photographs  at  night  from  alti- 
tudes as  great  as  12,000  ft.  Electronic 
flash  tubes  yield  light  which  has  a  blu- 
ish cast  to  it.  This  light  has  a  tempera- 
ture of  about  7,000  degrees,  which  is 
very  near  the  qu;dity  of  sunlight.  Be- 
cause of  this  fact  many  photographers 
use  da>'light  color  film  without  using 
filters.  Sports  photographers  use  speed- 
light  because  it  has  excellent  action  stop- 
ping ability  and  because  it  eliminates 
carrying  and  changing  flashbulbs.  The 
human  eye  requires  that  a  light  be  con- 
tinuous for  at  least  4/100  of  a  second  for 
it  to  appear  at  full  intensity.  Therefore, 


packs  are  heavy,  and  carrying  one  can 
become  quite  tiresome.  Film  which  is 
exposed  by  electronic  flash  has  a  ten- 
ilency  to  be  lacking  in  contrast,  and 
therefore  must  be  developed  up  to  30' ,' 
more  than  normal.  In  an  overall  picture, 
however,  the  advantages  of  speedlight 
•  far  outweigh  the  disadvantages,  as  at- 
tested by  the  fact  that  it  is  rapidly  gain- 
ing in  popularity 
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Men  who  look  forward  to  leader- 
ship will  give  thought  to  the  ideas 
expressed  in  this  editorial  from 
Design  News.  And  men  who  want 
the  rewards  of  leadership  wall  look 
for  broad  opportunity,  the  kind  of 
opportunity  that  Pontiac  can  offer 
you — with  the  challenge  of  automo- 
tive design  as  your  steppingstone 
to  a  future  virtually  unlimited. 


Automotive  engineers  know  no  finer  "home" 
than  Pontiac's  new  Engineering  Building  — 
200,000  square  feet  of  air-conditioned,  well- 
hghted,  completely  modern  offices  and  design 
rooms,  testing  laboratories  and  workshops. 
It  contains  every  conceivable  facility  for 
designing  ever-better  Pontiacs. 
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BASIC  TECHNIQUE- 

A  thin  coating  of  pre-cured  and 
stabilized  resistance  material 
is  bonded  to  special  glass  or  an 
inorganic  core  to  form  IRC's 
exclusive  filament  type  ele- 
ment. This  is  in  contrast  to  the 
carbon  pill  or  slug  principle  of 
construction.  Its  uniformity  and 
stability  have  proved  superior 
since  the  earliest  days  of  radio. 

I       SPECIFIC  EXAMPLES 


IRC  Type  BOG  Boron-Carbon  Precistors 


IRC  Filament  Type  BT  Resistors 


^^^^^" 


IRC  Type  DC  Deposited  Carbon  Resistors 


IRC  Type  MV  Higti  Voltage  Resistors 


ONLY  FILM  TYPE  RESISTORS 

MEET  HIGHER   STABILITY  STANDARDS 

.  .  .  another  reason  why  engineers  prefer  IRC  Resistors 

Advancing  reqioirements  of  instrumentation,  military 
electronics  and  television  focus  emphasis  on  greater 
stability  for  non-wii'e  wound  resistors.  IRC  believes  its 
filament  type  construction  offers  the  best  answer  to 
more  exacting  standards.  For  over  28  years  the  film  type 
resistance  element  has  proved  its  superior  stability — 
even  in  today's  newest  IRC  Boron-Cai'bon  Precistor. 


Wiimmj  iS^  iiMMJi.  Sm-  -^A/v- 


INTERNATIONAL 
RESISTANCE  CO. 

401  N.  Broad  St.,  Phila.  8,  Pa. 

/n  Canada:  International  Resistance  Co.,  Toronto,  licensee 


MAY,    1954 


39 


SIpllMG 


edited  by  Larry  Kiefling,  M.E.  '56 


Machining  Hard  Materials 

Machining  operations  on  brittle  or 
extremely  hard  materials  that  arc  iliffi- 
cult  and  even  border  on  the  impossible, 
can  now  be  performed  with  a  high  speed, 
high  precision  ultrasonic  machine  tool. 
Using  ultrasonic  vibrations  in  combin- 
ation with  abrasive  particles  in  suspen- 
sion the  machine  tool  can  produce 
through  holes,  blind  holes,  and  contoured 
cavities  in  ceramics,  glass,  and  precious 
stones,  as  well  as  in  carbides  and  other 
fused  and  sintered  materials  or  any 
metal  or  alloy,  how  cost,  soft  steel 
cutting  tools  are  used  to  duplicate  the 
most  exacting  contours. 

Extensive  use  of  complex  feretic  met 
als  in  the  electronics  field  has  created 
many  problems  which,  due  to  the  ex- 
treme brittleness  of  some  of  these  ma- 
terials, cannot  be  solved  with  ordinary 
machining  methods.  Using  the  ultra- 
sonic machining  technique  it  is  possible 
to  drill,  slice,  carve  or  cut  off  such 
metals  or  materials  to  various  shapes  or 
sizes. 

Sectors  of  materials  used  as  separators 
in  an  electrical  conduit  have  been  ma- 
chined with  a  penetration  rate  of  '  ,s 
inch  per  minute.  The  operation  has  giv- 
en consistent  residts  which  are  remark- 
able in  view  of  the  properties  of  this 
material.  A  high  degree  of  precision, 
elimination  of  chipping  of  the  work 
material,     and     fine    surface    finish    are 
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some  of  the  advantages  which  this  ultia- 
sonic  machine  tool  offers.  The  accom- 
panying photograph  shows  typical  parts 
and  operations  which  have  been  ma- 
chined with  this  method.  The  dimen- 
sional accuracy  in  both  size  and  location 
has  been  held  to  plus  or  minus  .001  inch 
on  these  jobs. 

Miniature  Radio 

A  small  radio  receiver,  which  can  be 
worn   like   a   hearing  aid,   has  been  de- 


\ eloped  by  two  (lenerai  Klectric  engi- 
neers. 

VV.  F.  Chow  ami  J.  j.  Suran,  who 
built  the  radio  in  the  company's  Elec- 
ridnics  Laboratory,  said  it  was  designed 
primarily  for  use  in  civil  defense  where 
a  compact  lightweight  leceiver,  operat- 
ing from  a  minimum  number  of  standard 
flashlight  batteries,  is  desired. 

The  radio,  described  as  an  experi- 
mental model,  is  tuned  to  a  single  broad- 
cast frequency,  1260  kilocycles,  which 
is  one  of  two  channels  to  be  used  by 
radio  stations  in  broadcasting  civil  de- 
fense instructions  to  the  general  public 
during  emergency  periods. 

The  radio  has  a  hearing-aid  type  ear 
phone  and  weighs  about  five  ounces.  It 
can  be  slipped  into  a  shirt  or  vest  poc- 
ket, and  is  said  to  be  capable  of  continu- 
ous operation  for  more  than  a  month 
without  battery  replacement. 

Two  tiny  batteries,  like  those  used 
in  a  pen-size  flashlight  power  the  radio. 
Long  battery  life  is  accomplished 
through  use  of  germanium  devices  (a 
transistor  and  double-based  diode)  which 
do  the  radio  detection  and  amplifying 
work  with  less  power  requirements  than 
conventional    radio  tubes. 

Chow  and  Suran  say  the  radio  needs 
further  development  before  it  can  be 
considered  for  mass  production. 

Tougher  Plastic 

Irradiated  polyethylene,  representing 
a  notable  advance  in  heat  and  chemical 
resistance  over  normal  polyethylene,  is 
now  being  offered  experimentally  in  nar- 
row  film    form. 

Designated  "Irrathene"  the  new  ma- 
terial's superior  properties  resvdt  from 
bombardment  of  polyethylene  with  high- 
energy  cathode  rays  from  million-volt 
electron    generations. 

Cross-linking  or  vulcanization  of  the 
polymer    during    irradiation    contributes 


These   pieces   were   cut   with   an    Ultrasonic   Machine   Tool.    (Courtesy   of   the 
Sheffield  Corp.) 
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APPROACH 


Variety  of  Work  is  one  important  advantage  of  joining 
M.A.C.'s  engineering  team.  The  career  opportunities  in 
our  three  engineering  divisions — Airplane,  Helicopter 
AND  Guided  Missile — are  so  varied  that  practically  all 
types  of  engineers  may  be  placed  in  a  satisfying  assign- 
ment, one  charged  with  technological  impact  and  chal- 
lenge to  ability.  Every  effort  is  made  to  place  each  engin- 
eering graduate  in  the  division  and  assigninent  of  his 
choice. 

Variety  of  Living  in  beautiful  suburban  St.  Louis 
can  also  be  yours.  M.A.C.  engineers  are  encouraged  to 
seek  advanced  degrees  at  one  of  St.  Louis'  fine  univer- 
sities. The  educational,  cultural,  medical  and  recrea- 
tional facilities  available  in  this  city  are  unparalleled 
elsewhere. 

If  you're  lookins;  for  our  type  of  engineering — 
we're  looking  for  you.  Check  your  Placement 
Office  for  dates  when  our  representative 
will  visit   your   school.  Ask    him   about   the 

McDo.NiNELL  Graduate  Study  Plan. 
You  may  also  write  to: 

Technical  Placement  .Supervisor 
Box  3 It),  St.  Louis  3,  Missouri 


LAMAR  A.  RAMOSJR., 

St.  Design  Engineer — Airplanr  Engineering  Division 

B.S.P.E.  LousiANA  State  U.   f941 
B..S.A.E.  Georgia  Inst,  of  Technology  1947 

Seen  here  examining  the  architect's  sketch 
of  our  recently  completed  Wind  Tunnel, 
Lamar's  approach  in  solving  complex  and 
often  unique  aerodynamic  problems  has 
marked  him  as  an  engineering  asset  to 
M.A.C. 

In  1947,  he  was  first  assigned  to  the  XF- 
85  "Parasite"  fighter,  model  of  which  he  is 
holding  above,  and  has  since  contributed 
his  aerodynamic  talents  to  most  of  our  air- 
plane engineering  projects.  He  is  presently 
a  Group  Leader  concerned  with  the  aero- 
dynamic design  of  aircraft  proposals.  We 
need  more  young  engineers  like  Lamar 
Ramos,  engineers  ivith  a  new  ap/iroach. 


BUILD  YOUR  FUTURE  WITH  A  COMPANY 


MCDONNELL 


YOUNG  IN   YEARS,  YOUNG  IN   SPIRIT  AND  IDEAS 


ota&OTt 


AIRPLANES  ANDt/'HELICOPTERS  *  ST.LOUIS   S.MQ 
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tonii  stability  at  300-3311  F  aii.l  re 
sistaiK-e  to  cracking  when  irradiatril 
polyethylene  is  stressed  and  in  contact 
with  soKents  or  other  active  chemicals. 
In  the  torni  of  insulating  tape  and 
packaging  film,  irradiated  polyethylene 
is  expected  to  be  a  factor  in  the  develop- 
ment of  smaller  electrical  equipment 
with  improved  operating  characteristics, 
antl  in  the  creation  of  radically  new 
heat  resistant  and'  sterilizable  transpar 
ent  containers  for  foods,  drugs,  and 
pharmaceutical   products. 

A  discover\-  of  the  General  Klectric 
Company's  Research  Laboratory,  irradi- 
ated polyethylene  film  has  been  subjected 
to  intensive  product  and  process  devel- 
opment recently.  Division  general  man- 
ager Robert  L.  Gibson  said  that  the 
iww  plastics  will  be  available  in  limited 
pilot-plant  quantities  this  year,  and  that 
large-volume  production  at  low  cost  can 
be  envisaged  in  the  near  future. 

Believed  to  be  one  of  the  first  indus- 
trial uses  of  electron  irradiation,  irradi- 
ated polyethylene  is  expected  to  expand 
industrial  and  consumers  use  of  polye- 
thylene plastics,  already  predicted  as  the 
first  billion-lb.  plastic  material. 

While  present  emphasis  is  on  film^ 
work  is  being  continued  on  other  fabri- 
cated forms  of  irradiated  polyethylene, 
such  as  bottles,  housewares  and  tubing. 


Drawing  Tungsten  wire  to 


.0003 


ch  diameter.  (Courtssy  of  Western  Electric) 


.0003  Inch  Wire 

Tungsten  wire  so  fine  that  it  is  nearly 
invisible  is  made  on  this  automatic  equip- 
ment. The  plastic  tank  at  left  on  the 
bench  is  divided  into  four  sections,  the 
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MASTERS  of  PRODUCTION 

in  the  toolroom,  on  the  production  Ime, 
or 'in  the  inspection  department. 

B.ow„.Sharpe  Machine  Tools  and  S.a.iT^^^^^^ 
„e   the   masters  that   fulfill   todays  .adustnal 
mands     fo.     consistently     accural     wo.U. 
Throughout  metal-working  shops  the  world 

over,    these    products    are    recogn.zed    a^ 
standards  for  precision  work. 
For    information    on    this    famous 
l.ne   of   Milling.  Grinding   and 
Screw    Machines.    Machinists' 
Tools,  Electronic  Measuring 
Equipment,     Jo-Blocks.     Cut- 
ters.    Permanent     Magnet 
Chucks.  Pumps  and  Vises 
write  Brown  &  Sharpe 
Mfg.Co.,Providencel,       ^ 
Rhode  Island.  U.S.A.  ^ 


Brown  S  Sharpe 


first  three  of  which  contain  etching  so- 
lution of  sodium  hydroxide  and  sodium 
chloride  while  the  fourth  section  holds 
water  for  washing  the  wire.  The  black 
unit  to  the  right  of  the  tank  together 
with  the  electrical  control  panel  above 
comprise  the  resistance  measuring  ap- 
paratus that  controls  the  diameter  of 
the  wire  and  automatically  determines 
the  voltages  applied  to  the  solutions  in 
the  etching  tanks.  Wire  approximately 
.0005  inch  in  diameter,  the  finest  com- 
mercially made  by  drawing,  is  fed  into 
the  tanks  from  the  spool  at  left.  After 
being  etched  and  washed  it  emerges  from 
the  measuring  unit  a  mere  .0003  inch  in 
diameter  or  smaller  as  required.  This 
dimension,  incidentally,  must  be  accur- 
ate to  within  plus  or  minus  0.00001 
inch.  Wire  this  fine  is  used  in  making 
grids  for  416-type  electron  tubes,  which 
are  at  the  heart  of  the  Bell  System  mi- 
crowave radio  system  for  both  television 
and  telephony. 


Umt  <      Pure  Germanium 


Germanium,  the  metallic  substance 
iKim  which  transistors  are  made,  is  puri- 
tn-d  in  this  production  apparatus,  pat- 
urned  after  the  original  laboratory  mod- 
el. This  process,  known  as  zone  refining, 
produces  germanium  that  is  99.9999995 
per  cent  pure — the  highest  degree  of 
purity  ever  attained  in  a  manufactured 
product.  In  zone  refining  an  ingot  of 
^el■manium,  which  previously  has  been 
reiluced  from  germanium  dioxide,  is 
passed  through  a  heat  zone  so  that  a  mol- 
ten section  traverses  the  length  of  the 
bar,  carrying  impurities  with  it  and  leav- 
ing a  solidified  section  of  higher  purity. 
Hy  use  of  multiple  heating  zones  in  tan- 
dem,   a   number  of   molten   sections   tra" 
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Zone  refining  of  Gernia  "lior 
Electric) 


to  an  almost  pure  state.  (Courtesy  of  Western 


verse  the  bar,  and  as  the  germanium 
passes  through  each  heat  zone  its  im- 
purity content  is  progressively  reduced. 
In  the  apparatus  shown,  six  induction 
coils  are  wound  on  a  clear  quartz  tube. 
During  zone  refining,  germanium  is 
pulled  through  the  tube  in  a  graphite 
boat. 


Sti/'scribe  to   The   Tfchiuj^niph 


ENGINEER'S  WHISKEY  TEST 
Connect   20, 000    volts    across    a   pint. 

If  the   current  jumps  it,   the  product  is 

poor. 

If  the  current  caLises  the  precipitation 

of  lye,  tin,  arsenic,  iron  slag,  and  alum, 

the  whiskey  is  fair. 

If  the  liquor  chases  the  current  back 

to  the  generator,  vou've  got  good  whis- 

key. 


Guide:    "We    are    now    passing    the 
largest  brewery  in  the  state." 
Engineer:   "Why?" 

*        *        * 

Scotsman:  (at  riding  academy)  "I 
wish  to  rent  a  horse." 

Groom:  "How  long?" 

Scotsman:  "The  longest  you've  got, 
laddie.  There  are  five  of  us  going." 

The  editor  was  admonishing  his  son, 
who  was  reluctant  about  attending 
school. 

"You  must  attend  every  day  and  be- 
come a  great  scholar,"  lectured  the  fond 
father,  "othewise  you  can  never  be  an 
i-ditor.  What  would  you  do,  for  in- 
stance, if  your  magazine  came  out  full 
of  mistakes?" 

"Father,"  said  the  son,  "I'd  blame 
the  printer." 

And    upon    hearing    these    words    the 
father  wept  with  joy,   for  he  knew  he 
had  a  successor  for  the  editorial  chair. 
*.       *       » 

She  was  only  a  gravedigger's  daugh- 
ter, but  you  ought  to  see  her  lower  the 
beer. 

»■        *        * 

"Would  you  like  to  see  a  model 
home?" 

"Glad  to.  What  time  does  she  quit 
work  ?" 


Help  Wanted ! 

The  Technograph  needs  men  and 
women  interested  in  gaining  experi- 
ence in: 

•  BUSINESS   PROCEDURES 
®   WRITING 

9    MAKE-UP 

®    ILLUSTRATIONS 

•  ADVERTISING 

•  PROMOTION 

Apply   at: 
THE  TECHNOGRAPH  OFFICE 
213   Civil    Engineering   Hall 


One  for  every  place — 
One  place  to  get  th em  all. . . 


Out  on  the  job  .  .  .  irrespective  of  your  engineering  role 
.  .  .  you'll  be  coming  to  grips  with  the  problem  of  elimi- 
nating wasteful  friction. 

You  can  look  to  SECSF  for  the  practical  solution  to  anti- 
friction bearing  problems. 

aCS[?'  makes  all  of  these  eight  types  of  bearings  which 
serve  virtually  every  equipment  need.  Rely  on  SCSiF  for 
putting  the  right  bearing  in  the  right  place.  7«i7 

SKF"  INDUSTRIES,  INC.,  PHILADELPHIA  32,  PA. 
—  manufacturers  of  skf  and  hessbriGht  bearings. 
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Welded  Steel  Designs  Cost 
Less  because: 

1.  Steel   is  3  times  stronger  than 
gray  iron. 

2.  Steel  is  2I/3  times  as  rigid. 

3.  Steel  costs  a  third  of  iron. 
Ultimate  savings  are  limited  only 
by  the  ingenuity  of  the  designer. 

SIMPLIFIES  DESIGN 

CUTS  FABRICATING  COSTS 

WITH  WELDED  STEEL 

The  successful  industrial  designer  is 
one  who  can  suggest  ways  of  cutting 
the  costs.  That's  why  the  engineer  wht) 
knows  how  to  utilize  savings  through 
welded  steel  finds  his  designs  readily 
accepted. 

Here,  for  example,  is  how  steel 
design  has  eiimin.ited  356  pounds  of 
metal  in  the  manufacture  of  the  base 
for  this  machine.  All  former  machin- 
ing has  been  eliminated.  There  are  no 
bolted  joints  to  cause  leakage  of  coolant. 
Cost  of  manufacture  has  been  cut  20%. 


H.  G.  WELLS 


First  redesign  to 
steel  .  .  .  weighed 
764  pounds.  Re- 
quired only  31 
hours  to  fabricate. 


Final  design  more 
compact  in  con- 
struction, weighs 
692  pounds  .  .  . 
takes  less  floor 
space,  requires 
only  24  hours  10 
fabricate. 


Original  design  re- 
quired 1048  lbs.  of 
castings  bolted 
together.  Each 
casting  re- 
quired costly 
machining  and 
6liing. 


HOW  TO  PUT  STEELS  SAVINGS  TO  WORK- 

DISK.N  DATA  for  welded  consiruciion  is 
available  to  engineering  students  in  the  form 
of  bulletins  and  handbooks.  Write: 

THE  LINCOLN  ELECTRIC  COMPANY 

Cleveland  17,  Ohio 

THE  WORLD'S  LARGEST  MANUFACTURER  OF 
ARC  WELDING  EQUIPMENT 


Scientist    .    .    . 
Author 


Philosopher  .  . 


I  was  iritliii-incd  h\  the  war.  Dtiring 
iliis  pi'iitHJ  he  wri)te  "(lOil  the  Invisible 
l^'i'K."  "Joan  and  Peter,"  "The  War 
that  will  Kml  War,"  "The  Salvaging  of 
Civilization,  '  .iiid  "I'lic  Open  Conspir- 
acy." 


Herbert  George  Wells,  the  author  of 
the  famous  book  ami  radio  play  "War 
of  the  Worlds,"  was  boiri  in  Hroiiilev, 
Kent,    1S()S. 

\'(ning  Wells  had  to  study  and  work 
liard  to  escape  poverty,  and  by  the  time 
he  was  13  was  apprenticed  to  a  draper. 
Three  years  later  he  became  an  assist- 
ant master  at  Midhiirst  (jrammar 
School.  Not  long  after,  he  won  a  scholar- 
ship to  the  Royal  College  of  Science. 
He  transferred  to  the  University  of 
London  where  he  graduated  with  a 
bachelor  of  science  degree  with  honors. 

His  first  main  type  of  writing  was 
done  in  the  infant  field  of  science  fic- 
tion. Such  novels  as  "The  War  of  the 
World,"  "The  Time  Machine,"  "The 
Island  of  Dr.  Moreau,"  "The  Invisible 
Man,"  "When  the  Sleeper  Wakes," 
"The  First  Men  in  the  Moon,"  "The 
Food  of  the  Gods,"  "In  the  Days  of  the 
Cornet,"  and  "The  War  in  the  Air." 

By  1908  Wells  had  adapted  a  com- 
pletely new  type  of  writing  because  he 
had  broken  away  from  the  Fabian  group 
of  socialist;  and  philosophy,  sociology, 
and  w-orld  problems  were  greatly  on 
his  mind.  As  propaganda  against  the 
Fabians,  Wells  wrote  "This  Misery  of 
Boots,"  "Socialism  and  Marriage,"  and 
"New  World   for  Old." 

Most  of  his  writing  after  World  War 


Despite  all  the  laws  of  economics, 
wotnen  without  principle  continue  to 
draw  considerable  interest. 

*        »        * 

-At  the  zoo,  a  kangaroo  suildenh' 
jumped  over  the  fence  and  ran  away. 
The  keeper  hurried  up  and  said  to  a  lady 
standing  in  front  of  the  cage:  "What 
did  you  do  to  make  him  run  away  like 
that?" 

"Why,"  she  replied,  "I  just  tickled 
the  kangaroo's  stomach  a  little." 

"Well,  you  had  better  tickle  iniite  a 
little  then,  lady,"  said  the  keeper,  "be- 
cause I've  got  to  catch  him." 

.Market  report:  Dressed  poultry  is 
up  2  cents  a  pound,  but  live  pigeons 
continue  to  drop  a  little. 

God  made  a  machine,  the  machine  made 

men. 
Doctors,  lawyers,  priests,  and   then, 
The  devil  got  in  and  stripped  the  gears 
And  turned  out  the  first  batch  of  EN- 
(^.INEKRS. 

»       *       « 
Owner:  "How  did  you  come  to  punc- 
tine  this  tire?" 

Chauffeur:  "Ran  over  a  milk  bottle." 
Owner:  "Didn't  you  see  it  in  time?" 
Chauffeur:  "No,  the  kid  had  it  under 
his  coat." 


"Do  you   engineers   need  a  blueprint 
for  evei-y thing?" 
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We  Hit  the  Jackpot ^^ 


say  N.  W.  MORELLI 

Oregon  State  ColU-^,-,  B.S.,M.E.—I9S0 

and 
E.  R.  PERRY 

Texas  A.  &  A/.,  B.S..E.E.—1950 

WHILE  taking  the  course,  two  engi- 
neers developed  a  revolutionary  new 
circuit  breaker  mecPianism. 

"Our  experience  shows  what  can  happen 
if  you  work  with  people  open  to  sugges- 
tion. We  found  men  of  this  kind  at  Allis- 
Chalmers,  and  it  has  given  us  a  special 
pleasure  in  our  job. 

"We  started  out  like  most  other  graduates 
with  a  hazy  idea  of  what  we  wanted  to  do. 
After  working  in  several  departments,  wc 
requested  that  part  of  our  training  be  at 
the  Boston  Works  of  Allis-Chalmers, 
where  circuit  breakers  are  made." 

New  Design  Principle 

"Circuit  breakers  soon  became  an  obses- 
sion with  us,  and  we  got  the  idea  of  de- 
signing a  hydraulic  operator  and  trigger- 
ing mechanism  for  these  breakers.  Most 
operators  for  big  breakers  are  pneumatic. 

"Unsuccessful  attempts  had  been  made 
in  the  past  by  all  circuit  breaker  manu- 
facturers to  build  hydraulic  operators. 


The  important  thing  is  that  no  one  at 
Allis-Chalmerssaid,  "Don't  try  it — it  won't 
work.'  " 

Start  New  Era 

"To  make  a  long  story  short,  our  study  of 
the  problem  led  us  to  the  hydraulic  accu- 
mulator and  high  speed  valves  being  used 
by  the  aircraft  industry.  These  had  not 
been  available  when  earlier  attempts  were 
made  to  build  a  hydraulic  operator.  With 
these  highly  developed  devices  to  work 
with,  we  were  able  to  build  an  operator 


that  combined  the  best  features  of  pneu- 
matic and  hydraulic  operation.  We  call  it 
the  Pneii-draiilic  operator.  Engineers  are 
saying  it  starts  a  new  era  in  circuit  breaker 
actuation. 

"This  fact  is  important  to  us,  but  it  is 
even  more  important  to  know  that  Allis- 
Chalmers  Graduate  Training  Course  is 
full  of  opportunity  .  .  .  and  as  we  found 
out,  there's  opportunity  right  from  the 
start." 

Pneu-draulic  is  an  Allis-Chalmers  Trademark. 


Low -pressure  spindle  for  a  120,000  kw 
steam  turbine  generator.  Said  to  be  one 
of  the  largest  ever  built  in  the  United 
States,  this  spindle  is  nearing  completion 
in  the  Allis-Chalmers  West  Allis  shops. 


Facts  You  Should  Know  About  the 
Allis-Chalmers  Graduate  Training  Course 

1 .  It's  well  established,  having  been  mills,  crushers,  vibrating  screens,  recti- 

started  in  1904.  A  large  percentage  of  fiers,  induction  and  dielectric  heaters, 

the  management  group  are  graduates  grain  mills,  sifters,  etc. 

of  the  course.  «     ,,        mi         •    j-  ■ .     . 

.  5.  He  will  have  individual  attention 

2.  The  course  offers  a  maximum  of  24  ^nd  guidance  in  working  out  his  train- 
months'  training.  Length  and  type  of  jj,„  pro'Tam 

training  is  individually  planned.  '' 

3.  The"  graduate  en-;ineer  may  choose  *•  The  program  has  as  its  objective  the 
the  kind  ofwork  he  wants  to  do:  design,  right  job  for  the  right  man.  As  he  gets 
engineering,  research,  production,  sales,  e.xpenence  in  different  training  loca- 
era:tion  service  etc  tions  he  can  alter  his  course  of  training 
.    ,,     '         ,    '        ,     ,  .    .    r.  to  match  chaniring  interests. 

4.  He  may  choose  the  kind  of  power,  °    ° 

processing,   specialized  equipment  or  For  information  watch  for  the  AJlis- 

industrial  apparatus  with  which  he  will  Chalmers  representative  visiting  your 

work,   such   as:   steam   or  hydraulic,  campus,  or  call  an  Allis-Chalmers  dis- 

turbo-generators,  circuit  breakers,  unit  trict  ofhee,  or  write  Graduate  Training 

substations,  transformers,  motors,  con-  Section,  Allis-Chalraers,  Milwaukee  1, 

trol  pumps,  kilns,  coolers,  rod  and  ball  Wisconsin. 

ALLIS-CHALMERS 


2iLfeIi= 
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Ni)  martcr  how  low-  the  ilnll.ir  may 
tall,  it  will  ncNiT  tall  as  low  as  soiiu' 
people  stoop  to  get   it. 

*  -»        * 

Fitr:  (At  Piom)  "Wait  here  for  nic, 
Hill,  w  hile  I  go  powder  my  nose." 

Her:  (Three  dances  later)  "Ha\f 
you  been  waiting  long?" 

Him:  "No,  but  I've  been  looking  tor 
you  to  give  you  >our  compact." 

"What  did  you  do  before  you  came 
in  the  service,  mister?" 

"Sir,  I  made  square  marbles  for  kids 
who  would  rather  shoot  dice." 

*.       -*       * 

Chcni.  E. :  "Every  time  I  kiss  you 
it  makes  me  a  better  man." 

Co-ed:  "Why  try  to  get  hea\en  in 
one  night?" 

*  *        * 

Col.  Hrook:  "Cadet,  where's  the  bal- 
ance of  your  rifle?" 

Coddington :  "This  is  all  they  ga\c 
me,  sir." 

#.       *       » 

"Why  did  you  throw  the  i«it  of  ger- 
aniums at  the  plaintiff?" 

"Because  of  an  ail\crtisement,  your 
honor." 

"What  advertisement?" 

"Say  it  with  flowers." 
*■       -*        » 

A  motorist  was  picked  up  unconscious 
after  a  smash  an  dwas  being  carried  to 
a  nearby  filling  station.  C^pening  his 
eyes  enroute,  he  began  to  kick  and  strug- 
gle desperately  to  get  away.  Afterward 
he  explained  that  the  first  thing  he  saw 
was  a  "Shell"  sign,  and  "some  damn 
fool  was  standing  in  front  of  the  'S.  ' 
*.       «       * 

First   He — "What's  hi  sposition  ?" 
Second  He — "He's  the  third  assistant 
guesscr  in   the  Weather    Bureau." 


"Pa,  what  does  it  mean  here  by  dip- 
lomatic phraseology?" 

"My  son,  if  you  tell  a  girl  that  time 
stands  still  while  you  gaze  into  her  eyes, 
that's  diplomacy;  but  if  you  tell  her  that 
her  face  would  stop  a  clock,  \ou're  in 
for  it." 

*  *  5S 

\'ou  know  what  the  once  over  is? 

That's  this! 

when  like 

you  girl 

look  at  a   prett\' 

*.        *        * 

A  driMik  lying  on  the  floor  of  a  bar 

began  to  show  signs  of  life,  so  one  of 

the   customers  smeared   a   little   limbin- 

ger  cheese  on  his  upper  lip.  The  drunk 

slowly  arose   and   walked   out   the  door. 

In  a  few  minutes  he  came  back  in.  Then 

he  went  out  again,  only  to  wobble  back 

in    a    few    more    minutes.    Shaking    his 

head   with  disgust  he  said,  "It's  no  use. 

The  whole  world  stinks." 

Sandy  McDougal  was  so  thrifty, 
when  he  invited  his  friends  over  for  a 
beer,  he  put  a  coin  slot  on  his  bathroom 
door. 

A  speech  is  like  a  girl's  skirt.  It  has 
to  be  long  enough  to  cover  the  subject, 
and  short  enough  to  hold   \our  interest. 

Two  editors  gazed  admiringly  at  the 
beautiful   dress  of  the  chorine. 

"Who  made  her  dress?"  one  asked 
of   his   companion. 

"I'm  not  smT,  but  I  think  it  was  the 
police." 

*  *        * 

Professor:  "If  you  start  at  a  given 
point  on  a  given  figure  and  go  all  the 
way  around  it  what  will  >'o\i  get?" 

Freshman:    "Slappe<l,   sir." 


Soldier:  "Sa)',  you  think  Nou're  a 
pretty  hard  guy,  don't  you  ?  " 

-Marine:  "I  am.  I  wasn't  born.  I  was 
quarried." 

»        *        * 

'Fwo  juru'or  size  "cats"  were  loiter- 
ing on  a  street  corner,  when  one  said 
to  the  otlu-i': 

"How  old  is  you  ?  " 

"Ah's  five,"  was  the  lepU.  "How  old 
is  you  ?" 

"Ah  don't  know,"  said  the  first. 

"You  don't  know  how  old  \ou  is?" 

"Nope." 

"Does  \V(imen  both;i'  Noii?  " 

"Nope." 

"Youse  fo'." 

The  day  after  finals,  a  disheveled  EE 
waled  into  a  ps>chiatrist's  office,  tore 
open  a  cigarette,  and  stuffed  the  tobacco 
up  his  nose. 

"I  see  that  you  need  some  help."  re- 
marked  the  startled  doctor. 

"Yeah,"  agreed  the  student,  "do  you 
have  a  match  ?" 

0  »  * 

A  \ery  rich  deposit  of  oil  was  dis- 
covered on  the  farmer's  land.  Immedi- 
ately he  rushed  into  town  to  purchase 
a  new  car.  An  obliging  salesman  showed 
him  a  sleek   roadster  selling  for  $3,(KH). 

"I  am  prepared  to  pay  cash,"  said  the 
farmer.  "Will  I  get  a  discount?" 

"Why  certainly,"  replied  the  sales- 
man. "We  will  give  you  a  10%  discount 
on   a  cash  purchase.  " 

Not  being  confident  of  his  abilit\'  as 
a  mathematician,  the  farmer  said  he 
would  think  it  over  and  return  later. 

He  walked  into  a  restaurant  and  over 
his  coffee  tried  to  figure  what  his  dis- 
count would  be,  but  to  no  avail.  Finally 
in  desperation  he  turned  to  the  waitress 
and  asked,  "If  I  gave  you  10%  of 
l/i^OOO  how  nuich  would  you  take  off?" 

Blushing  prettily,  the  waitress  whis- 
pered, "Would  my  earrings  bother 
you  ?" 

A  wealthy  farmer  decided  to  go  to 
church  one  Sunday.  After  service,  he 
approached  the  preacher  with  much  en- 
thusiasm. "Reverend,  that  was  a  damned 
good  sermon  you  gave,  damned  good." 

Reverend:  "I'm  glad  you  liked  it, 
but  I  wish  you  wouldn't  use  those  terms 
in  expressing  yourself." 

Farmer:  "I  can't  help  it.  Reverend.  I 
still  think  it  was  a  damned  good  sermon 
and  I  was  so  impressed  that  I  put  a 
hundred  dollar  bill  in  the  collection." 

Reverend:  "The  hell  you  did!" 

"Waiter,  there's  a  fh'  in  my  turtle 
soup.  " 

"Yeah,  we  ran  out  of  turtles." 

"(modness,    (jeorge,    this    is    not    our 
bab\'.  This  is  the  wrong  carriage!" 
"Shut  up.    Fhis  is  a  better  carriage.  " 
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spring  thoughts  on  the  subject  of. . , 

rambunctious  sheepskins 


AN  engineering  senior  can  hardly  be  blamed  for  feel- 
/\^  ing  rambunctious  now  that  the  years  of  hard 
study  are  nearly  over  and  the  sheepskin's  in  view. 

But  the  sheepskin  comes  at  Commencement.  Commence- 
ment means  you're  set  to  start  on  your  career.  And  that's 
certainly  worth  some  serious  thought. 

To  help  you  decide  which  job  to  pick,  yovi'd  do  well  to 
weigh  the  many  reasons  for  choosing  an  engineering 
career  at  General  Motors— reasons  like  these: 

•  At  GM,  an  engineer  has  a  real  chance  to  follow  his 
natural  bent  and  work  in  the  field  of  his  choice.  That's 
because  GM  produces  a  variety  of  products  —  automo- 
biles, trucks,  Diesel  engines,  refrigerators,  bombsights, 
just  to  mention  a  few. 

•  At  GM,  you  get  the  chance  to  work  closely  with  top 
engineers,  sharing  their  knowledge  and  experience. 
That's  owing  to  GM's  decentralization:  34  manufactur- 
ing divisions,  117  plants  in  57  towns  and  cities.  Yet 
each  division  draws  upon  GM's  vast  central  research 
laboratories. 

•  At  GM,  there's  a  congenial  climate  for  the  personal 
and  professional  advancement  of  engineers.  We  respect 


the  engineering  point  of  view,  as  shown  by  the  number 
of  key  GM  executives  in  both  divisional  and  top 
management  who  began  their  careers  as  engineering 
graduates  on  GM  drafting  boards. 

Naturally,  all  this  spells  genuine  opportunity  for  the 
young  man  who  has  what  it  takes.  Your  College  Place- 
ment Office  can  arrange  an  interview  for  you  with  our 
college  representative.  Or  you  can  write  direct  to  us. 


GM  positions  now  available 
in  these  fields: 

MECHANICAL  ENGINEERING 

ELECTRICAL  ENGINEERING 

METALLURGICAL  ENGINEERING 

INDUSTRIAL  ENGINEERING 

CHEMICAL  ENGINEERING 
BUSINESS  ADMINISTRATION 


GENERAL  MOTORS  CORPORATION 

Personnel  Staff,  Detroit  2,  Michigan 


^^^^ 


(hif  i>J  till-  nirty  slrps  in  llic  pnnliictidn  (if  Sdnin-U'nip — the  "bubble" 
that  bccunics  a  Jitm  after  being  dejiated  in  a  series  of  rollers. 


Ciibirfiil  di><iil(i  Y  bins  iirr  iin  iinpnrlant  pari  of  consumer  sales 
Strategy  and  explain  the  advantages  of  Saran-  II  rap. 


TAKING  CHEMICALS 
TO  MANY  MARKETS... 


Dow  succeeds  through  the  careful 

coordination  of  group  effort 
in  research,  marketing  and  sales 

The  high  consumer  acceptance  gained  by  Saran- Wrap  is  a 
current  example  of  what  happens  when  extensive  research 
and  production  planning  is  followed  by  coordinated 
marketing  and  sales  strategy  in  launching  a  new  product. 

This  amazing  new  plastic  food  wrap  is  certainly  a  useful 
product — but  it  is  much  more  than  that.  For  Dow  it  marks 


another  milestone  in  a  continuing  effort  to  move  into  new 
fields  of  endeavor  and  to  increase  the  variety  as  well  as  the 
size  of  its  operation.  Well-planned  and  executed  projects, 
introducing  varied  industrial  and  consumer  products,  have 
been  responsible  for  Dow's  rapid  growth  to  a  position  of 
prominence  in  the  chemical  industry. 

Wlicthcr  you  choose  research,  production  or  sales,  you  can 
find  a  challenging  career  with  Dow.  fT  rite 
to  Dow's  Technical  Employment  Depart- 
ment today  for  the  booklet,  "Opportunities 
tdth  The  Dow  Chemical  Company" — you  II 
find  it  interesting.  THE  DOIV  CHEMICAL 
COMPANY,  Midland,  Michigan. 


you  can  depend  on  DOW  CHEMICALS 


Dovsr 
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ntually  reach  every  TV  home 


The  rainbow  you  can  see  in  black  and  wliite ! 


RCA  brings  you  compatible  color  TV. 
Lets  you  see  color  programs  in  black 
and  white  on  the  set  you  now  own! 

"When  a  modern  and  practical  color  tel- 
es ision  system  for  the  home  is  here,  RCA 
will  have  it .  .  ." 

Echoing  down  through  the  years,  these 
words— spoken  in  1946  by  David  Samoff, 
Chairman  of  the  Board  of  RCA  — have  a 
ring  of  triumph  today. 

Behind  this  great  development  are 
long  years  of  scientific  research,  hard 
work  and  financial  risk.  RCA  scientists 
were  engaged  in  rrsjareh  basically  re- 
lated to  color  television  as  far  back  as  the 
1920's  .  .  .  even  before  black-and-white 
television  service  was  introduced. 

Since  then  RCA  has  spent  o\er 
$25,000,000  to  add  the  reality  of  color  to 
black-and-white  TV,  including  develop- 


ment of  the  tri-color  tube. 

The  fruit  of  this  great  investment  is  the 
RCA  all-electronie  compatililc  color  tel- 
e\ision  system,  a  system  that  proridcs  for 
the  telecasting  of  liigh-qiialitij  color  pic- 
tures that  can  be  received  in  full  color  on 
color  receivers;  and  in  black  and  white 
on  the  set  you  now  own. 

RCA  and  NBC  will  invest  an  addi- 
tional $15,000,000  during  color  TV's 
"Introductory  Year"— 1954- to  establish 
this  new  serxiee  on  a  solid  foundation. 

RCA  color  sets  are  beginning  to  come 
off  the  production  lines  in  small  quanti- 
ties. Although  it  will  probably  be  another 
year  before  mass  production  is  reached, 
the  promise  of  compatible  color  tt'le\i- 
sion  is  being  fulfilled. 

RCA  pioneered  and  developed  compatible 
color  television 


INTRIGUING   OPPORTUNITIES   FOR 
GRADUATING   ENGINEERS 

You're  sure  to  fiiul  the  exact  tspe  of 
challenge  xjou  want  in  Engineering  De- 
velopment, Design,  or  Manufacturing  at 
RCA.  Men  witli  Bacliclor's,  Ma,ster'.s  or 
Doctor's  degrees  in  EE,  ME,  IE  or  Phys- 
ics are  needed.  You'll  find  your  optimum 
career  work  among  the  hundreds  of  prod- 
ucts RC.\  produces  for  the  home,  sci- 
ence, industry  and  Goveniment. 

If  you  have  the  necessar\'  education 
and  experience,  you  will  be  considered 
for  a  direct  engineering  assignment.  Oth- 
erwise, you'll  participate  in  our  Special- 
ized Training  Program,  in  which  you 
can  explore  RC.\'s  many  interesting  en- 
gineering operations  for  a  full  year. 

"^'our  rapid  prr^fessional  advancement 
is  enhanced  at  RC.\  by  the  free  flow  of 
engineering  infonnation. 

Write  today  In:  College  HcUitinns, 
RCA  Victor,  Camden,  New  Jersey. 
Or,  see  your  Placement  Director. 


Hadio  Coifpon  trroN  of  Ameuica 

]]urld  leader  in  radio — first  in  tele<.-ision 
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Future  of  Automatic  Controls  brings  new  opportunities  for 

engineers  and  scientists  at  Honeywell 


~/?-^ 


As  sriencc  advances,  and  as  onr  coun- 
try continues  to  develop  its  indiislrial 
might,  the  husincss  of  automatic  con- 
trol gets  bigger  and  increasingly  im- 
portant. 

For  the  prime  force  liehind  the  20th 
century  revolution  has  been  and  will 
continue  to  be  automatic  control. 

So  at  Honeywell,  leader  in  this  field 
for  over  60  years,  it  of  course  means  a 
bigger,  more  exciting,  more  challeng- 
ing job  ahead  — all  of  wdiich  adds  up  to 
greater  opportunities  for  engineers  and 
scientists. 

And  that's  why  we're  always  looking 
for  men  with  ideas  and  ambition  to 
grow  with  us. 


Here  at  Honeywell  one  out  of  ten 
employees  is  engaged  in  research  and 
engineering  activities. 

Shown  below  is  part  of  our  Aero- 
nautical Division's  analog  computing 
equipment,  which  helps  our  research 
engineers  to  develop  and  simulate 
flight  tests  on  automatic  controls  for 
aircraft.  It's  typical  of  work  being  done 
by  all  of  the  company's  eight  divisions 
in  plants  across  the  country. 

So  if  you're  an  engineer  or  scientist 
and  like  to  use  your  imagination  freely 
in  such  fields  as  electronics,  hydraulics, 
mechanics,  chemistry,  physics,  and  a 
wide  variety  of  others,  be  sure  to  send 
in  the  coupon  below. 


America  lives  better  — works  better  — with  llouc}uell  cunlro 


Honey^vell 


Minneapolis-Honeywell  Regulator  Co. 
Personnel  Dept.,  Minneapolis  8,  Minnesota 
Gentlemen:  Please  send  me  your  booklet,  "Emphasis  on 
Research"  which  tells   more   about   engineering   opportu- 
nities at  Honeywell. 


Name_ 


Address^ 
City 


THE   TECHNOGRAPH 


Ever  Study 

TERRESTRIAL  ENGINEERING? 


Probably  not.  As  far  as  we  know,  there  isn't  such  a  term. 
Even  so,  the  terrain  of  a  manufacturing  plant  may  have 
a  vital  effect  on  the  design  and  location  of  its  engineer- 
ing equipment. 

It  certainly  did  in  the  case  of  our  Belle,  West  Virginia, 
plant,  which  is  just  across  the  road  from  a  flat-topped 
hiU,  750  feet  high. 

Perhaps  you'd  Uke  to  match  wits  with  Du  Pont  engi- 
neers, for  we  feel  that  this  problem  was  interesting — 
and  its  solution  ingenious. 

Briefly,  the  situation  was  this:  Carbon  dioxide  was  to 
be  removed  from  a  mixture  of  gases  by  bringing  them 
into  contact  with  water  in  "scrubbers"  operating  at  450 
psi  (gauge).  The  inlet  gases  contained  about  25' j  CO2 
by  volume.  Because  of  its  greater  solubility,  most  of  the 
CO2  would  leave  the  scrubbers  dissolved  in  the  water. 

It  was  necessary  to  reduce  the  pressure  of  this  water 
to  atmospheric  and  recover  the  dissolved  carbon  dioxide, 
since  CO2  was  needed  for  use  in  a  chemical  .synthesis. 
The  degastfied  water  then  had  to  be  pumped  back  into 
the  pressure  scrubbers,  to  repeat  the  scrubbing  cycle. 

Still  like  to  match  wits?  How  would  you  design  an 


economical  closed  system  for  this  scrubbing  water?  After 
you've  thought  out  your  solution,  you  might  like  to 
compare  it  with  the  one  given  below. 

Du  Pont  engineers  made  use  of  the  precipitous  ter- 
rain in  this  way:  pressure  on  the  water  leaving  the 
scrubbers  was  sufficient  to  force  it  up  to  the  top  of  the 
hill  for  CO2  recovery.  The  returning  water  thereby  pro- 
vided a  pressure  of  approximately  325  psi  (750  feet  of 
head)  at  the  base  of  the  hill.  This  gift  of  pressure  on  the 
suction  side  of  the  water  pumps  resulted  in  considerable 
energy  saving. 

Do  unusual  problems  such  as  this  one  challenge  you 
and  stir  your  enthusiasm?  If  they  do,  we  think  you'll  be 
interested  in  technical  work  with  the  Du  Pont  Company. 

Watch  "Cavalcade  of  America"  on  television 


IPONX 


E.  I.  du  Pont  de  Nemours  &  Company  (Inc.) 

BETTER   THINGS  FOR   BETTER  LIVING  .  .  .  THROUGH  CHEMISTRY 
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NORTH     AMERICAN     HAS     BUILT     MORE     AIRPLANES    THAN     ANY     OTHER     COMPANY     IN     THE     WORLO 


rg'      ^ 


.€^ 


f^ 
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DIVERSITY  CREATES  OPPORTUNITY 


Although  best  known  for  design  and  production  of  world-famous 
aircraft  like  the  Korea-famed  F-86  Sahre  Jet  and  the  new,  record- 
smashing  F-lOO  Super  Sahre  . . .  North  American  Aviation  also 
offers  engineers  excellent  opportunities  in  other  technical  fields. 

North  American  needs  engineers  with  imagination  and  technical 
ability  to  help  design  and  build  the  aircraft  of  the  future. 
Other  fascinating  careers  are  created  daily  in  its  rapidly  developing 
guided  missile,  jet,  rocket,  electronic  and  atomic  energy  programs. 

When  you  are  ready  to  enter  the  engineering  profession,  consider 
the  well-paid  opportunities  at  North  American.  Meanwhile, 
write  for  information  on  your  future  in  the  aircraft  industry. 

Contact :  Your  College  placemenl  or  write  : 

Engineering:  Personnel  Oflice,  12214  South  North  American 

International  Airport  or      Lakewood  Blvd.,    or      Aviation,  Inc. 

Los  Angeles  45,  Calif.  Downey,  Calif.  Columbus  6,  Ohio 


Organizalion,  FacitHies 
and  Experience  Keep 


North  American  Aviation  Yeo^Ahead 

.  .  .  atomic  energy  .  .  .  electronics  .  .  .  guided  missiles  .  .  .  research  and  development 


A 
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a  IVorthwhile  Future . . .  with  Training  to  Match! 


•  If  you  are  looking  for  a  future  with  real 
opportunities  for  growth  and  advancement, 
Square  D  has  a  lot  to  offer.  The  potential 
growth  and  development  of  the  electrical 
industry  is  tremendous.  And  Square  D  is 
a  long  established,  top  ranking  name  in  that 
expanding    industry.    Equally    important. 


Square  D  offers  the  kind  of  personalized 
training  that  equips  you  to  go  far. . .  fast! 

•      •      • 
•  We're  looking  for  electrical,  mechanical, 
general  and  industrial  engineers  with  their 
feet  on  the  ground  and  their  eyes  on  the 
future.  Are  you  one  of  them? 


MAIL  THE  COUPON  ^ 

We'd  like  to  send  you 

a  12-page  "get-acquainted"  brochure. 

It  tells  a  lot  about  Square  D, 

its  products,  services, 

markets  and  opportunities. 


Square  D  Company,  Dept.  SA 
6060  Rivard  Street,  Detroit  11,  Michigan 

I'd  like  a  copy  of 

Square  D's  "Get-Acquainted"  brochure. 
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A  new  Hercules  plant  under  constnii  1 1         i   !  i         \(  w  Jpr'.e\,  will 

make  the  essential  raw  material  for  Cai  „i  a  i  [  lu  i  ul  'Kr\l<ne' — 
polyester  yarn.  Known  as  dimethyl  tcrephthalate,  or  D.Ml,  this  basic  chem- 
ical for  polyester  fibers  will  be  made  by  an  entirely  new  process,  and  will 
be  available  eventually  for  pla-lic^  am!  olhrr  u-is. 


HOW 
HERCULES 
HELPS... 


Jb  Hercules'  business  today  helps  almost 
/'  L  everyone's  business.  It  embraces  the  pro- 
duction of  synthetic  resins,  cellulose  products, 
chemical  cotton,  terpene  chemicals,  rosin  and 
rosin  derivatives,  chlorinated  products,  and  many 
other  chemical  processing  materials — as  well  as 
explosives.  Through  close  cooperative  research 
with  its  customers,  Hercules  has  helped  improve 
the  processing  or  performance  of  many  indus- 
trial and  consumer  products. 


. .  .TO  IMPROVE  CELLULOSE  POLYMERS 


O  CrizO-C-CH3 

C-CH^  o 


■  6 


Hercules  now  offer-  llcriM-r  S  (cellulose  acetate  sorbate),  a  new  (ilm-former. 
Widely  soluble,  it  i..i;i  li-  .iiiHid  as  tonah.  flexible  coatings  ami  cured  to  insoluble 
condition.  Hercosc  S  lilms  have  excellent  resistance  to  heat  and  low  temperatures. 
It  is  another  in  the  diverse  group  of  Hercules  cellulose  chemicals  offered  many 
industries.  'Write  for  details. 

HERCULES   POWDER,   COMPANY  JVilminglon  f>n,  Drlmrare 


HERCULES 
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Foregrotmd:  Boeing  RB-47E,  world's  fastest  day-or-night  long-range  reconnaissance  plane.   Background:  Standard  B-47E  six-jet  bomber. 

What   do   you   want   most   in   an   engineering   career? 


Is  it  room  to  grow?  Then  join  a  company 
tliat's  growing.  Boeing,  for  example, 
has  grown  continuously  throughout  its 
37-year  history  of  design,  production 
and  research  leadership.  There's  always 
room  up  ahead— and  Boeing  promotes 
from  within.  Regular  merit  reviews  arc 
held  to  give  \ou  steady  recognition. 
Do  you  want  long-range  career  stability? 
Boeing  today  employs  more  engineers 
than  even  at  the  peak  of  World  War  II. 
Here  you'd  work  on  such  projects  as 
pilotless  aircraft,  research  on  supersonic 
flight  and  nuclear  power  for  airplanes, 
on  America's  first  jet  transport,  and 
the  world's  outstanding  jet  bombers. 


Do  you  want  variety  ol  opportunity?  Avia- 
tion is  unique  in  this  respect.  It  offers 
vou  unmatched  variety  and  breadth  of 
application,  from  applied  research  to 
production  design,  all  going  on  at  once. 
Boeing  is  constantly  alert  to  new  ma- 
terials and  new  techniques,  and  ap- 
proaches them  without  limitations.  In 
addition,  Boeing's  huge  subcontracting 
program— requiring  engineering  co-ordi- 
nation—offers \ou  contacts  with  a  cross 
section  of  American  industry. 

Boeing  engineering  activity  is  concen- 
trated at  Seattle,  Washington,  and 
Wichita,  Kansas— communities  with  a 
wide  range  of  recreational  opportunities 


as  well  as  schools  of  higher  learning. 
The  company  will  arrange  a  reduced 
work  week  to  permit  time  for  graduate 
study  and  will  also  reimburse  tuition 
upon  successful  completion  of  each 
quarter's  work. 

There  are  openings  in  all  branches  of 
engineering  (mechanical,  ci\il,  elec- 
trical, aeronautical  and  rclat-d  fields) 
for  DESIGN,  PRODUCTION  and 
RESEARCH.  Also  for  physicists  and 
mathematicians  with  ad\aneed  degrees. 

For  further  information, 
consult  your  PLACEMENT  OFFICE,  or  write 

JOHN  C.  SANDERS,  Statf  Engineer- Personnel 
Boeing  Airplane  Company,  Seattle  14,  Wash. 
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Here's  the  booklet  that  shows  the  way 

to  successful  careers  in  radio  and  electronics 


"Your  future  is  with  FTL"  could  be  the  most  important  booklet  you  ever  read!  Briefly 
but  comprehensively,  it  tells  the  story  of  Federal  Telecommunication  Laboratories  . . . 
one  of  the  nation's  leaders  in  the  development  of  radio  and  electronic  equipments 
. . .  one  of  the  major  units  of  the  world-wide  group  of  laboratories,  factories  and  .1  ,^ 

communication  systems  operated  by  the  American-o^vned  International  ^^^Sr^^ 

Telephone  and  Telegraph  Corporation. 

To  young  engineers  of  ability  and  initiative  "FTL"  offers  a  fertile  field  ^^_jfi 

for  achievement,  recognition  and  advancement .  .  .  for  a  stable, 
productive  future  in  long-range  activities. 


Send  today  (or ''''Your  future  is  uith  FTV.  .  .containing 
illuminating  data  on  opportunities,  employee  benefits  and  other 
advantages  in  building  a  career  where  big  things  are 
happening  in  radio  and  electronics. 

Federal  Telecommunication 
Laboratories 

A  Division  of  International  Telephone  ond  Telegraph  Corporation 


IT5 


MAIL  THIS  COUPON  TODAY 

Federal  Telecommunication  Laboratories 

500  Washington  Avenue,  Nutley,  N.  J. 

Please  send  me  a  copy  of  your  descriptive  booklet: 

"lour  future  is  with  FTL" 

Name 


College- 
Address^ 
City 
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The  metal  that  thrives  on  punishment 

Steel  serves  you  better  when  manganese  is  added 

—because  ibe  harder  it  works,  the  tovi";her  it  gets 


Ever  watch  a  power  shnvel  bite  into  earth  and  rock? 
And  wonder  how  the  teeth  of  the  steel  bucket  can  en- 
dure such  punishment?  The  amazing  answer  is  that  the 
teeth  not  oidy  endure  such  treatment — they  actually 
pet  harder  because  of  it! 

MANGANESE  HOLDS  THE  SECRET-The  story  behind 
this  remarkable  steel  is  the  unusual  metal  called  man- 
ganese. The  hundreds  of  thousands  of  tons  of  manganese 
required  each  year  by  steel  and  other  metal-making 
industries  are  obtained  by  refining  huge  quantities  oi 
ore  that  come  from  mines  in  widely  scattered  points 
across  the  face  of  the  globe. 

ADDED  TO  STEEL  — All  steel  contains  manganese.  A 
small   amount  ■■cleanses"   moltca    steel    and    removes 


impurities.  A  larger  amount  of  manganese  makes  the 
steel  tiiUL;hcr  and  stronger. 

FROM  ORE  TO  ALLOY— Transforming  raw  ores  into 
a  variety  of  manganese  alloys  for  the  metal-producing 
industries  is  one  of  the  many  important  jobs  ol  the 
people  of  Union  Carbide. 

STUDENTS  AND  STUDENT  ADVISERS:  Learn  more  about  career 

opporliinilics  uilh  i  nion  Carbiilr  in  ll.l.OYS,  CARBONS,  CHEMICALS, 
GASt:s,  and  1'l.AsriCS.   tt  ritr  Jor  buoklet  C-2. 

Union  Carbide 

AA'D     CAR  BOX    CORPORATION 

30    EAST    42  ND    STREET        Hm  iN  E  W     YORK     17.     N.     Y. 

In  Canada:  UNION  CARBIDE  CANADA  LIMITED 


ElectROMET  Alloys  and  Metals 
Havnes  Stellite  Alloys 
fNION  Carbnlc 


UCCs  Trade-marked  Products  include   - 

National  Carbons       Acheson  Electrodes 
PVROFAX  Cas        Prest-0-Lite  Acetylene        Prestone  Anii-Fr 


Evereadv  Flashliuhis  and  Batti 


Bakelite,  Vinylite,  and  Krene  Plastics 


Synthetic  Organic  Chemicals 

DynEL  Textile  Fibers 

LiNDE  Oxygen 
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teeth  for  a  1000  h.p.  bite .  • . 


Undoubtedly  you  will  recognize 
this  application  of  a  familiar  tech- 
nique for  studying  stresses.  In  this 
case,  it  was  used  to  develop  gears 
that  are  less  than  5  inches  in 
diameter  yet  easily  transmit  over 
1000  horsepower. 

Inherently,  the  design  and  de- 
velopment of  aircraft  engines  offers 
unusual  opportunities  for  applying 
basic  engineering  principles 
learned  in  school.  In  few  other 
places  can  a  technical  graduate 
utilize  his  education  and  abilities 


more  fully  —  gain  recognition  and 
advancement. 

Many  of  our  engineers  who  had 
important  roles  in  developing  the 
most  powerful  jet  engine  known  to 
be  in  production  —  rated  in  the 
10,000-pound  thrust  class  —  are 
still  in  their  twenties. 

To  those  young  graduates  who 
can  see  the  career  possibilities  in 
the  rapidly  evolving  field  of  air- 
craft propulsion,  we  can  offer  a 
real  opportunity  for  growth  and 
professional  development. 


PRATT    &    WHITNEY    AIRCRAFT 

Division  of  United  Aircraft  Corporation 

East   Hartford   8,  Connecticut 
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Austin  Bush,  Rensselaer,  '50, 

Helps  Develop  New  Pump 


Reports  interesting  project  engineering  assignments  at  Wortliington 


"Despite  its  size  as  the  leading  manufacturer  in  its 
field,"  says  Austin  Bush,  "I  have  found  Worthington  pays 
considerable  attention  to  the  interests  of  the  individual. 
The  company's  excellent  training  program  consists  of 
several  months  of  working  with  the  various  types  of 
equipment  manufactured,  augmented  by  technical  lec- 
tures, and  talks  on  the  organization  of  the  corporation. 

"Following  this  training,  I  was  given  an  opportunity  to 
choose  the  department  in  which  1  wanted  to  work — 
engineering,   sales,   or   manufacturing.    My   choice  was 


FOR  ADDITIONAL  INFORMATION,  see  your  College  Pkice- 
mcnt  Bureau  or  \sritc  to  the  Personnel  and  Training  De- 
partment, Worthington  Corporation,  Harrison,  New  Jersey. 
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the  engineering  department  where  I  have  already  been 
assigned  to  several  interesting  projects. 

"In  addition  to  the  training  program,  the  members  of 
our  engineering  department  hold  monthly  seminars  at 
which  engineering  topics  of  general  interest  are  discussed. 

"Opportunities  for  advancement  are  good,  and  pleasant 
associates  make  Worthington  a  fine  place  to  work." 

When  you're  thinking  of  a  good  job,  think  high — think 

IVonhliigion. 

■ ___-.^ — ™ ~, 


WORTHINGTON 


The    Sign    of   Value 
Around     the    World 
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No  threading,  peening  or  precision 
drilling  with  ROLLPIN 


Rollpin  is  driven  into  holi 

drilled  to  normal  production' 
line  tolerances. 


Rollpiii  is  the  slotted  tubular  steel  pin  with  chamfered  ends  that  is 
cutting  production  and  maintenance  costs  in  every  class  of  industry. 
This  modern  fastener  drives  easily  into  standard  holes,  com- 
pressing as  driven.  Its  spring  action  locks  it  in  place— regardless  of 
impact  loading,  stress  reversals  or  severe  vibration.  Rollpin  is 
readily  removable  and  can  be  re-used  in  tlie  same  hole. 


If  you  use  locating  dniiels.  hiufie  pins,  rivets,  set  screws  — or 
straiiiht.  knurled,  tapered  or  roller  type  pins  — Rollpin  can  cut 
your  costs.  Mail  our  coupon  for  r/es/g/i  information. 


Elastic  Stop  Nut  Corporation  of  America 

Dept.  R16-CM,  2330  Vauxhall  Road,  Unon,  N.  J. 

Please  send  me  the  following  free  fastening  informal 

[Z    Rollpin  bulletin  C    He 

C  Elastic  Stop  Nut  bulletin 


roduc 


Name_ 


_Tl(/e 


Street. 
Ci(y_ 
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THE   TECHNOGRAPH 


A  nother  page  for 


YOUR  BEARING  NOTEBOOK 


How  to  hold  a  heavily-loaded 

lathe  spindle 

In  accurate  alignment 

This  big  lathe  machines  rolls  for  steel  mills.  The  roll 
is  rotated  by  the  lathe  spindle  and  it  must  be  machined 
to  very  accurate  dimensions.  So  the  lathe  manufac- 
turer, LeBlond  Machine  Tool  Company,  mounts  the 
spindle  on  Timken"  tapered  roller  bearings.  Despite 
the  great  weight  on  the  spindle,  the  Timken  bearings 
hold  it  precisely  in  place— because  they  are  made  so 
accurately  and  have  such  high  load  capacity. 


Why  TIMKEN  bearings  have 
high  load  capacity 

This  picture  shows  why  Timken  bearings  have  such  high 
capacity — the  load  is  carried  on  a.  full  line  contact  between  the 
rollers  and  races  in  the  bearing.  Note  also  the  tapered  con- 
struction. This  permits  the  bearing  to  be  tightened  up  (pre- 
loaded, we  call  it)  to  prevent  chatter  in  rotating  parts  like  the 
machine  tool  spindle  above. 


TIMKEN  (1 

TAPERED  ROLLER  BEARINGS 


Want  to  learn  more  about 
bearings  or  job  opportunities? 

Some  of  the  engineering  problems  you'll  face  after 
graduation  will  involve  bearing  applications.  For  help 
in  learning  more  about  bearings, 
\\  rite  for  the  270-page  General  Infor- 
mation Manual  on  Timken  bearings. 
And  for  information  about  the  excel- 
lent job  opportunities  at  the  Timken 
Company,  write  for  a  copy  of  "This 
Is  Timken".  The  Timken  Roller 
Bearing  Company,  Canton  6,  Ohio. 


NOT  JUST  A  BALL  O  NOT  JUST  A  ROLLER  oid  THE  TIMKEN  TAPERED  ROLLER  (o 
BEARING  TAKES  RADIAL  ^  AND  THRUST  -®-  LOADS  OR  ANY  COMBINATION  ^^ 


MAY,    1954 
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Ball-and-socket  joint  cast  iron  pipe  for  water  main  crossing  river  at  Newark,  Ohio. 

Where  installutioiis  are  plunncd  for  loii^-tcriu  |«.  -'  t  ,■        '•  MM'h-ix  -"^Ugt 

service  to  assure  low  cost  per  service  year,  engineers 
rely  on  cast  iron  pipe  as  a  c]epen<lal)lc  and  adapt- 
able material.  Consequently,  it  is  specified  for  a 
wide  variety  of  applicationa,  both  utility  and  in- 
dustrial, including  water  supply,  sewerage,  fire 
protection,  process  industries  and  many  forms  of 
special  construction.  Long  life  and  low  maintenance 
cost  arc  proved  results  of  the  high  beam-strength, 
compressivc-strength,  shock-strength  and  effective 
resistance  to  corrosion  of  cast  iron  pipe.  Cast  Iron 
Pipe  Research  Association,  Tiios.  F.  Wolfe,  Manag- 
ing Director,  122  So.  Michigan  Ave.,  Chicago  3,  111.  Cast  iron  water  main  still  functioning  in  Philadelphia 

after  135  years  of  service. 


CAST  IllON  PIPE  lllVvWll 
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PHOTOGRAPHY  AT  WORK— No.  7  in  a  Kodak  Series 


Photography 
reads  the  meters 
2500  an  hour/ 


Dial  a  call — an  accurate  register  counts  it — 

then  each  month  photography  records  the  total, 

precisely  right,  ready  for  correct  billing. 

TWENTi'-FOUR  hours  a  day,  hundreds  of  thou- 
sands of  dial  phones  dick  their  demands  in 
many  central  exchanges  of  the  New  York  Telephone 
Company. 

Little  meters  keep  careful  tally  of  the  calls.  Then 
the  night  before  each  bill  is  dated,  photography 
reads  the  up-to-the-minute  totals  in  a  fraction  of 
the  time  it  could  be  done  in  any  other  way.  Here  is 
an  idea  that  offers  businesses  ever}.'where  simpli- 
fication in  copying  readings  on  meters,  dials  or 
other  recording  instrumentation. 

Photography  fits  this  task  especially  well  for  two 
reasons.  It  is  lightning  fast.  It  can't  make  a  mistake. 

This  is  another  example  of  the  ways  photography 
saves  time,  cuts  costs,  reduces  error,  improves  out- 
put. In  large  businesses— small  businesses— photog- 
raphy can  do  big  jobs.  In  fact,  today  so  many  new 
applications  of  photography  exist  that  graduates 
in  the  physical  sciences  and  in  engineering  find 
them  valuable  tools  in  their  new  occupations.  Other 
graduates  — together  with  returning  servicemen  — 
have  been  led  to  find  positions  with  the  Eastman 
Kodak  Company. 

If  you  are  interested,  write  to  Business  and  Tech- 
nical Personnel  Dept.,  Eastman  Kodak  Company, 
Rochester  4,  N.  Y. 

Eastman  Kodak  Company 
Rochester  4,  N.  Y. 


1 0  ways 
to  build  a 
successful 

career 


Few  companies  can  offer  as  broad 
a  range  of  career  opportunities  as 
General  Electric.  Whether  a  young 
man  is  interested  in  science  or  en- 
gineering, physics  or  chemistry, 
electronics  or  atomic  energy,  plas- 
tics or  air  conditioning,  finance 
or  sales,  employee  relations  or  ad- 
vertising, marketing  or  metallurgy 
— he  can  find  a  satisfying,  reward- 
ing career. 

The  development  programs 
shown  here  are  "open  doorways" 
that  lead  to  highly  successful 
careers  in  a  Company  where  big 
and  important  jobs  are  being  done, 
and  where  young  people  of  vision 
and  courage  are  needed  to  help  do 
them. 

If  you  are  interested  in  building 
a  G-E  career  after  graduation  see 
your  college  placement  officer,  or 
write: 

COLLEGE  EDITOR 
DEPT.  2-123 
GENERAL  ELECTRIC  CO. 
SCHENECTADY  5,  N.  Y. 


•Ill     'TSUCCJf: 


GENERALi^ELECTRIC 


I 
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